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PROBE CARD ASSEMBLY AND KIT. 
AND METHODS OF USING SAME 

TECHNICAL FIELD OF THE INVENTION 

The invention relates to making temporary, pressure 
5 connections between electronic components and, more 
particularly, to techniques for performing test and burn- in 
procedures on semiconductor devices prior to their packaging, 
preferably prior to the individual semiconductor devices being 
singulated from a semiconductor wafer. 

10 CROSS - REFERENCE TO RELATED APPLICATIONS 

This patent application is a continuation-in-part of 
commonly -owned, copending U.S. Patent Application No. 08/452,255 
(hereinafter "PARENT CASE"), filed 5/26/95 (status: pending), 
which is a continuation-in-part of commonly-owned, copending 

15 U.S. Patent Application No. 08/340,144 filed 11/15/94 (status: 
pending) and its counterpart PCT patent application number 
PCT/US94/13373 filed 11/16/94 (published 26 May 95 as WO 
95/14314) , both of which are continuations-in-part of commonly- 
owned, copending U.S. Patent Application No. 08/152,812, filed 

20 11/16/93 (status: pending/allowed). 

This patent application is also a continuation-in-part of 
commonly- owned, copending U.S. Patent Application No. 
08/526,246, filed 9/21/95 (status: pending), and of commonly- 
owned, copending U.S. Patent Application No. 08/533,584, filed 
25 10/18/95 (status: pending). 
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BACKGROUND OF THE INVENTION 

Individual semiconductor (integrated circuit) devices 
(dies) are typically produced by creating several identical 
devices on a semiconductor wafer, using know techniques of 
5 photolithography, deposition, and the like. Generally, these 
processes are intended to create a plurality of fully- functional 
integrated circuit devices, prior to singulating (severing) the 
individual dies from the semiconductor wafer. In practice, 
however, certain physical defects in the wafer itself and 

10 certain defects in the processing of the wafer inevitably lead 
to some of the dies being "good" (fully- functional) and some of 
the dies being "bad" (non- functional) . It is generally 

desirable to be able to identify which of the plurality of dies 
on a wafer are good dies prior to their packaging, and 

15 preferably prior to their being singulated from the wafer. To 
this end, a wafer "tester" or "prober" may advantageously be 
employed to make a plurality of discrete pressure connections 
to a like plurality of discrete connection pads (bond pads) on 
the dies. In this manner, the semiconductor dies can be tested 

20 and exercised, prior to singulating the dies from the wafer. 

A conventional component of a wafer tester is a "probe card" to 
which a plurality of probe elements are connected - tips of the 
probe elements effecting the pressure connections to the 
respective bond pads of the semiconductor dies. 

25 Certain difficulties are inherent in any technique for 

probing semiconductor dies . For example, modern integrated 
circuits include many thousands of transistor elements requiring 
many hundreds of bond pads disposed in close proximity to one 
another (e.g., 5 mils center-to- center) . Moreover, the layout 

30 of the bond pads need not be limited to single rows of bond pads 
disposed close to the peripheral edges of the die (See, e.g., 
U.S. Patent No. 5. 453.583) . 
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To effect reliable pressure connections between the probe 
elements and the semiconductor die one must be concerned with 
several parameters including, but not limited to: alignment, 
probe force, overdrive, contact force, balanced contact force, 
scrub, contact resistance, and planarization . A general 
discussion of these parameters may be found in U.S. Patent No 
4,837,622, entitled HIGH DENSITY PROBE CARD, incorporated by 
reference herein, which discloses a high density epoxy ring 
probe card including a unitary printed circuit board having a 
central opening adapted to receive a preformed epoxy ring array 
of probe elements. 

Generally, prior art probe card assemblies include a 
plurality of tungsten needles extending as cantilevers from a 
surface of a probe card. The tungsten needles may be mounted 
in any suitable manner to the probe card, such as by the 
intermediary of an epoxy ring, as discussed hereinabove. 
Generally, in any case, the needles are wired to terminals of 
the probe card through the intermediary of a separate and 
distinct wire connecting the needles to the terminals of the 
probe card. 



Probe cards are typically formed as circular rings, with 
hundreds of probe elements (needles) extending from an inner 
periphery of the ring (and wired to terminals of the probe 
card) . Circuit modules, and conductive traces (lines) of 
preferably equal length, are associated with each of the probe 
elements. This ring-shape layout makes it difficult, and in 
some cases impossible, to probe a plurality of unsingulated 
semiconductor dies (multiple sites) on a wafer, especially when 
the bond pads of each semiconductor die are arranged in other 
than two linear arrays along two opposite edges of the 
semiconductor die . 
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Wafer testers may alternately employ a probe membrane 
having a central contact bump area, as is discussed in U.S. 
Patent No. 5.422.574. entitled LARGE SCALE PROTRUSION MEMBRANE 
FOR SEMICONDUCTOR DEVICES UNDER TEST WITH VERY HIGH PIN COUNTS, 
incorporated by reference herein. As noted in this patent, "A 
test system typically comprises a test controller for executing 
and controlling a series of test programs, a wafer dispensing 
system for mechanically handling and positioning wafers in 
preparation for testing and a probe card for maintaining an 
accurate mechanical contact with the device-under-test (DUT) . " 
(column 1, lines 41-46) . 

Additional references/ incorporated by reference herein, 
as indicative of the state of the art in testing semiconductor 
devices, include U.S. Patent Nos. 5.442.282 (TESTING AND 
EXERCISING INDIVIDUAL UNS I NGULATED DIES ON A WAFER) ; 5.382.898 
(HIGH DENSITY PROBE CARD FOR TESTING ELECTRICAL CIRCUITS) ; 
5, 378, 982 TEST PROBE FOR PANEL HAVING AN OVERLYING PROTECTIVE 
MEMBER ADJACENT PANEL CONTACTS) ; 5.339.027 (RIGID- FLEX CIRCUITS 
WITH RAISED FEATURES AS IC TEST PROBES) ; 5. 180. 977 (MEMBRANE 
PROBE CONTACT BUMP COMPLIANCY SYSTEM) ; 5,066. 907 (PROBE SYSTEM 
FOR DEVICE AND CIRCUIT TESTING) ; 4.757.256 (HIGH DENSITY PROBE 
CARD) ; 4. 161. 692 ( PROBE DEVICE FOR INTEGRATED CIRCUIT WAFERS) ; 
and 3, 990,689 (ADJUSTABLE HOLDER ASSEMBLY FOR POSITIONING A 
VACUUM CHUCK) . 

Generally, interconnections between electronic components 
can be classified into the two broad categories of "relatively 
permanent" and "readily demountable". 

An example of a "relatively permanent" connection is a 
solder joint. Once two components are soldered to one another, 
a process of unsoldering must be used to separate the 
components. A wire bond is another example of a "relatively 
permanent " connection . 
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An example of a "readily demountable" connection is rigid 
pins of one electronic component being received by resilient 
socket elements of another electronic component. The socket 
elements exert a contact force (pressure) on the pins in an 
amount sufficient to ensure a reliable electrical connection 
therebetween . 



Interconnection elements intended to make pressure contact 
with terminals of an electronic component are referred to herein 
as "springs" or "spring elements". Generally, a certain minimum 
contact force is desired to effect reliable pressure contact to 
electronic components (e.g., to terminals on electronic 
components) . For example, a contact (load) force of 

approximately 15 grams (including as little as 2 grams or less 
and as much as 150 grams or more, per contact) may be desired 
to ensure that a reliable electrical connection is made to a 
terminal of an electronic component which may be contaminated 
with films on its surface, or which has corrosion or oxidation 
products on its surface. The minimum contact force required 
of each spring demands either that the yield strength of the 
spring material or that the size of the spring element are 
increased. As a general proposition, the higher the yield 
strength of a material, the more difficult it will be to work 
with (e.g., punch, bend, etc.). And the desire to make 

springs smaller essentially rules out making them larger in 
cross-section. 



Probe elements are a class of spring elements of particular 
relevance to the present invention. Prior art probe elements 
are commonly fabricated from tungsten, a relatively hard (high 
yield strength) material. When it is desired to mount such 
relatively hard materials to terminals of an electronic 
component, relatively "hostile" (e.g., high temperature) 
processes such as brazing are required. Such "hostile" 



\ 



10 



WO 96/15458 PCI7US95/14844 

processes are generally not desirable (and often not feasible) 
in the context of certain relatively "fragile" electronic 
components such as semiconductor devices. In contrast thereto, 
wire bonding is an example of a relatively "friendly" processes 
which is much less potentially damaging to fragile electronic 
components than brazing. Soldering is another example of a 
relatively "friendly" process. However, both solder and gold 
are relatively soft (low yield strength) materials which will 
not function well as spring elements. 



A subtle problem associated with interconnection elements, 
including spring contacts, is that, often, the terminals of an 
electronic component are not perfectly coplanar. Interconnection 
elements lacking in some mechanism incorporated therewith for 
15 accommodating these "tolerances" (gross non-planarities) will 
be hard pressed to make consistent contact pressure contact with 
the terminals of the electronic component. 

The following U.S. Patents, incorporated by reference 
herein, are cited as being of general interest vis-a-vis making 
20 connections, particularly pressure connections, to electronic 
components: n g_ Patent Nos . 5,396,344 (FLEX CIRCUIT CARD 
ELASTOMERIC CABLE CONNECTOR ASSEMBLY) ; 5,336,380 (SPRING BIASED 
TAPERED CONTACT ELEMENTS FOR ELECTRICAL CONNECTORS AND 
INTEGRATED CIRCUIT PACKAGES) ; 5.317.479 (PLATED COMPLIANT LEAD) ; 
2 5 5.086.337 ( CONNECTING STRUCTURE OF ELECTRONI C PART AND 
ELECTRONIC DEVICE USING THE STRUCTURE) ; 5,067,007 (SEMICONDUCTOR 
DEVICE HAVING LEADS FOR MOUNTING TO A SURFACE OF A PRINTED 
CIRCUIT BOARD) ; 4 .989.069 (SEMICONDUCTOR PACKAGE HAVING LEADS 
THAT BREAK- AWAY FROM SUPPORTS) ; 4.893.172 (CONNECTING STRUCTURE 
30 FOR ELECTRONIC PART AND METHOD OF. MANUFACTURING THE SAME) ; 

4.793.814 (ELECTRICAL CIRCUIT BOARD INTERCONNECT) ; 4,777,5^4 
(LEADFORM FOR USE WITH SURFACE MOUNTED COMPONENTS) ; 4,764,948 
(SURFACE MOUNTED ARRAY STRAIN RELIEF DEVICE) ; 4,667,219 
(SEMICONDUCTOR CHIP INTERFACE) ; 4,642,889 (COMPLIANT 
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INTERCONNECTION AND METHOD THEREFOR) ; 4 . 330. 165 (PRESS -CONTACT 
TYPE INTERCONNECTORS) ; 4.295.700 ( INTERCONNECTORS ) ; 4, 067,104 
(METHOD OF FABRICATING AN ARRAY OF FLEXIBLE METALLIC 
INTERCONNECTS FOR COUPLING MICROELECTRONICS COMPONENTS) ; 
5 3 .795. 037 (ELECTRICAL CONNECTOR DEVICES) ; 3 . 616, 532 (MULTILAYER 

PRINTED CIRCUIT ELECTRICAL INTERCONNECTION DEVICE) ; and 
3 . 509. 270 (INTERCONNECTION FOR PRINTED CIRCUITS AND METHOD OF 
MAKING SAME) . 
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nrTTT ncorpT w T nM (stJMMEPY) OF THK INVENTION 

It is an object of the present invention to provide a 
technique for probing semiconductor devices, particularly while 
they are resident on a semiconductor wafer. 

5 it is another object of the present invention to provide 

a technique for probing semiconductor devices that allows the 
tips of the probe elements to be oriented without changing the 
position of the probe card. 

It is another object of the present invention to provide 
10 an improved spring element (resilient contact structure) that 
can be mounted directly to a terminal of an electronic 

component . 

It is another object of the invention to provide 
interconnection elements that are suitable for making pressure 
15 contact to electronic components. 

According to the invention, a probe card assembly includes 
a probe card (electronic component) having a top surface, a 
bottom surface and a plurality of terminals on the top surface 
thereof; an interposer (electronic component) having a top 
20 surface, a bottom surface, a first plurality of 

contact structures extending from terminals on the bottom 
surface thereof and a second plurality of contact structures 
extending from terminals on the top surface thereof; and 
a space transformer (electronic component) having a top surface. 
25 a bottom surface, a plurality of contact pads (terminals) 
disposed on the bottom surface thereof, and a third plurality 
of resilient contact structures (probe elements) extending from 
terminals on the top surface thereof. 
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The interposer is disposed between the top surface of the 
probe card and the bottom surface of the space transformer, and 
allows the orientation (planarity) of the space transformer to 
be adjusted without altering the orientation of the probe card. 
5 A suitable mechanism for effecting this adjustment of space 
transformer orientation, and a technique for determining the 
correct orientation of the space transformer are disclosed 
herein. In this manner, the tips (distal ends) of the probe 
elements can be adjusted to ensure reliable pressure contact 
10 between the tips of the probe elements and corresponding bond 
pads (terminals) of a semiconductor device being probed. 

Alternatively, a plurality of resilient contact structures 
are provided on the bottom surface of the space transformer 
component (i.e., fabricated on the terminals on the bottom 
15 surface of the space transformer) , in lieu of the interposer 
component, for making contact directly (i.e., without the 
intermediary of the interposer) to the terminals on the top 
surface of the probe card. 

Generally, the space transformer component permits a 
20 plurality of resilient contact structures extending from its top 
surface to make contact with terminals of an electronic 
component (i.e., bond pads on semiconductor devices) at a 
relatively fine pitch (spacing) , while connections to the space 
transformer (i.e., to the bond pads or, alternatively, resilient 
25 contact structures) on its bottom surface are effected at a 
relatively coarser pitch. 

According to an aspect of the invention, the space 
transformer and interposer components -of the probe card assembly 
may be provided as a "kit", adapted for use with a probe card. 
3 0 Optionally, the mechanism for adjusting the orientation of the 
space transformer can be included in the "kit". 
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According to an aspect of the invention, the resilient 
contact structures (probe elements) extending from the top 
surface of the space transformer component are "composite 
interconnection elements" (defined hereinbelow) . In the 
alternate case of resilient contact structures also extending 
from the bottom surface of the space transformer, these may be 
"composite interconnection elements" as well. 

According to an aspect of the invention, the resilient 
contact structures extending from the top and bottom surfaces 
of the interposer component are "composite interconnection 
elements" (defined hereinbelow) . 

According to an aspect of the invention, the probe elements 
(resilient contact structures extending from the top surface of 
the space transformer component) are preferably formed as 
"composite interconnection elements" which are fabricated 
directly upon the terminals of the space transformer component 
of the probe card assembly. The "composite" (multilayer) 
interconnection element is fabricated by mounting an elongate 
element ("core") to an electronic component, shaping the core 
to have a spring shape, and overcoating the core to enhance the 
physical (e.g., spring) characteristics of the resulting 
composite interconnection element and/or to securely anchor the 
resulting composite interconnection element to the electronic 
component. The resilient contact structures of the interposer 
component may also be formed as composite interconnection 
elements . 



The use of the term "composite", throughout the description 
set forth herein, is consistent with a -generic' meaning of the 
term (e.g., formed of two or more elements), and is not to be 
confused with any usage of the term -composite" in other fields 
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of endeavor, for example, as it may be applied to materials such 
as glass, carbon or other fibers supported in a matrix of resin 
or the like . 

As used herein, the term "spring shape" refers to virtually 
5 any shape of an elongate element which will exhibit elastic 
(restorative) movement of an end (tip) of the elongate element 
with respect to a force applied to the tip. This includes 
elongate elements shaped to have one or more bends, as well as 
substantially straight elongate elements. 

10 As used herein, the terms "contact area", "terminal", 

"pad", and the like refer to any conductive area on any 
electronic component to which an interconnection element is 
mounted or makes contact . 

Alternatively, the core is shaped prior to mounting to an 
15 electronic component . 

Alternatively, the core is mounted to or is a part of a 
sacrificial substrate which is not an electronic component. The 
sacrificial substrate is removed after shaping, and either 
before or after overcoating. According to an aspect of the 
20 invention, tips having various topographies can be disposed at 
the contact ends of the interconnection elements. (See also 
Figures 11A-11F of the PARENT CASE.) 

In an embodiment of the invention, the core is a "soft" 
material having a relatively low yield strength, and is 
25 overcoated with a "hard" material having a relatively high yield 
strength. For example, a soft material such as a gold wire is 
attached (e.g., by wire bonding) to a bond pad of a 
semiconductor device and is overcoated (e.g., by electrochemical 
plating) with a hard material such nickel and its alloys. 
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Vis-a-vis overcoating the core, single and multi-layer 
overcoatings, "rough- overcoatings having microprotrusions (see 
also Figures 5C and 5D of the PARENT CASE), and overcoatings 
extending the entire length of or only a portion of the length 
of the core, are described. In the latter case, the tip of the 
core may suitably be exposed for making contact to an electronxc 
component (see also Figure 5B of the PARENT CASE) . 

Generally, throughout the description set forth herein, 
the term "plating" is used as exemplary of a number of 
techniques for overcoating the core. It is within the scope of 
this invention that the core can be overcoated by any suitable 
technique including, but not limited to: various processes 
involving deposition of materials out of aqueous solutions; 
electrolytic plating; electroless plating; chemical vapor 
deposition (CVD); physical vapor deposition (PVD) ; processes 
causing the deposition of materials through induced 
disintegration of liquid or solid precursors; and the like, all 
of these techniques for depositing materials being generally 
well known. 

Generally, for overcoating the core with a metallic 
material such as nickel, electrochemical processes are 
preferred, especially electroless plating. 

In another embodiment of the invention, the core is an 
elongate element of a "hard" material, inherently suitable to 
functioning as a spring element, and is mounted at one end to 
a terminal of an electronic component. The core, and at least 
an adjacent area of the terminal, is overcoated with a material 
which will enhance anchoring the core to the terminal. In this 
manner, it is not necessary that the core be well -mounted to the 
terminal prior to overcoating, and processes which are less 
potentially damaging to the electronic component may be employed 
to "tack" the core in place for subsequent overcoating. These 
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"friendly" processes include soldering, gluing, and piercing an 
end of the hard core into a soft portion of the terminal. 

Preferably, the core is in the form of a wire. 
Alternatively, the core is a flat tab (conductive metallic 
ribbon) . 

Representative materials, both for the core and for the 
overcoatings, are disclosed. 

In the main hereinafter, techniques involving beginning 
with a relatively soft (low yield strength) core, which is 
generally of very small dimension (e.g., 3.0 mil or less) are 
described. Soft materials, such as gold, which attach easily 
to semiconductor devices, generally lack sufficient resiliency 
to function as springs. (Such soft, metallic materials exhibit 
primarily plastic, rather than elastic deformation.) Other 
soft materials which may attach easily to semiconductor devices 
and possess appropriate resiliency are often electrically non- 
conductive, as in the case of most elastomeric materials. In 
either case, desired structural and electrical characteristics 
can be imparted to the resulting composite interconnection 
element by the overcoating applied over the core. The resulting 
composite interconnection element can be made very small, yet 
can exhibit appropriate contact forces. Moreover, a plurality 
of such composite interconnection elements can be arranged at 
a fine pitch (e.g., 10 mils), even though they have a length 
(e.g., 100 mils) which is much greater than the distance to a 
neighboring composite interconnection element (the distance 
between neighboring interconnection elements being termed 
"pitch") . 

It is within the scope of this invention that composite 
interconnection elements can be fabricated on a microminiature 
scale, for example as "microsprings" for connectors and sockets, 
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having cross-sectional dimensions on the order of twenty-five 
microns (p.), or less. This ability to manufacture reliable 
interconnection having dimensions measured in microns, rather 
than mils, squarely addresses the evolving needs of existing 
interconnection technology and future area array technology. 

The composite interconnection elements of the present 
invention exhibit superior electrical characteristics, including 
electrical conductivity, severability and low contact 
resistance. In many cases, deflection of the interconnection 
element in response to applied contact forces results m a 
-wiping- contact, which helps ensure that a reliable contact is 
made . 

An additional advantage of the present invention is that 
connections made with the interconnection elements of the 
present invention are readily demountable. Soldering, to effect 
the interconnection to a terminal of an electronic component is 
optional, but is generally not preferred at a system level. 

According to an aspect of the invention, techniques are 
described for making interconnection elements having controlled 
impedance. These techniques generally involve coating (e.g., 
electrophoretically) a conductive core or an entire composite 
interconnection element with a dielectric material (insulating 
layer) . and overcoating the dielectric material with an outer 
layer of a conductive material. By grounding the outer 
conductive material layer, the resulting interconnection element 
can effectively be shielded, and its impedance can readily be 
controlled. (See also Figure 10K of the PARENT CASE.) 

According to an aspect of the invention, interconnection 
elements can be pre- fabricated as individual units, for later 
attachment to electronic components. Various techniques for 
accomplishing this objective are set forth herein. Although 
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not specifically covered in this document, it is deemed to be 
relatively straightforward to fabricate a machine that will 
handle the mounting of a plurality of individual interconnection 
elements to a substrate or, alternatively, suspending a 
5 plurality of individual interconnection elements in an 
elastomer, or on a support substrate. 

It should clearly be understood that the composite 
interconnection element of the present invention differs 
dramatically from interconnection elements of the prior art 
10 which have been coated to enhance their electrical conductivity 
characteristics or to enhance their resistance to corrosion. 

The overcoating of the present invention is specifically 
intended to substantially enhance anchoring of the 
interconnection element to a terminal of an electronic component 
15 and/or to impart desired resilient characteristics to the 
resulting composite interconnection element. Stresses (contact 
forces) are directed to portions of the interconnection elements 
which are specifically intended to absorb the stresses. 

It should also be appreciated that the present invention 
2 0 provides essentially a new technique for making spring 
structures. Generally, the operative structure of the resulting 
spring is a product of plating, rather than of bending and 
shaping. This opens the door to using a wide variety of 
materials to establish the spring shape, and a variety of 
25 "friendly" processes for attaching the "falsework" of the core 
to electronic components. The overcoating functions as a 
"superstructure" over the "falsework" of the core, both of which 
terms have their origins in the field of civil engineering. 

A distinct advantage of the present invention is that probe 
30 elements (resilient contact structures) can be fabricated 
directly on terminals of a space transformer substrate component 



15 



I 



5 



PCT/US95/14844 

WO 96/15458 

o£ a probe card assent «ithc« r equi rin g additiona! aerials, 
such as brazing or soldering. 

^ an ascect of the invention, any of the 
According to an aspect o 
reS ilient contact structures may be formed as 
composite interconnection elements. 

v , r , features and advantages of the invention 
Other objects, features , a following description 

will become apparent in light of the 

thereof . 
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BRIEF DESCRIPTION OF THE D RAWINGS 

Reference will be made in detail to preferred embodiments of 
the invention, examples of which are illustrated in the 
accompanying drawings. Although the invention will be described 
in the context of these preferred embodiments, it should be 
understood that it is not intended to limit the spirit and scope 
of the invention to these particular embodiments. 

Figure 1A is a cross-sectional view of a longitudinal 
portion, including one end, of an interconnection element, 
according to an embodiment of the invention. 

Figure IB is a cross-sectional view of a longitudinal 
portion, including one end, of an interconnection element, 
according to another embodiment of the invention. 

Figure 1C is a cross-sectional view of a longitudinal 
portion, including one end of an interconnection element, 
according to another embodiment of the invention. 

Figure ID is a cross-sectional view of a longitudinal 
portion, including one end of an interconnection element, 
according to another embodiment of the invention. 

Figure IE is a cross-sectional view of a longitudinal 
portion, including one end of an interconnection element, 
according to another embodiment of the invention. 

Figure 2A is a cross-sectional view of an interconnection 
element mounted to a terminal of an. electronic component and 
having a multi-layered shell, according to the invention. 

Figure 2B is a cross-sectional view of an interconnection 
element having a multi-layered shell, wherein an intermediate 
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W096/15458 aCCO rding to the xnventxon. 

, a dielectric materxal, acc 
layer is of a a ^ plurality of 

' c is a perspective vxew ^ COTnpo nent 

* i9Ure n elements mounted to an el ^ 
int erconnectxon elem ^ to th e 

^-' aPr0be x view of an exemplary f« 

62Bi8 a cross-sectxonal jxe ^ elements , 

TrJ**» for manuf acturxng **• 
ste p of a t tio „. 

an exemplary further 
2B is a cross-sectional vxew man uf acturxng 

Figure 2* xs a yigure 2" 

V the technique of * ■ in ventxon. 
step of thS nts , according to 

int erconnectxon x vi ew of an exemplary f-ther 

2F is a cross-sectional vxew manU f acturxng 

^"thl technic of ^ o ^ invention. 
St6P In elements, accordxng to 

interconnection ^ ^ exemp i ary 

. . c ross- sectional vx fabricated 
Figure 20 ^ \ " interc onnection elements , 

„f individual inter 2D _ 2 f, accordxng to 

.5 Pl-ality of - technique Qf Fig ures 
according to tne 

invention. ^ an exe mplary 

2H is a cross-sectional ^ aCCord ing to 

'^/interconnection elements fabr ^ prescr ibed 

pl urality of xnter ^ ^ assocxat ^ ^ 

20 the technique of F gu ^ an0fcher , 

spatial relationship 

invention. . f an alternate 

2X is a cross-sectional J^ew ° ^ showing 

Pioure 2X J-o . nter connect ion 

, for manufacturing inter invent ion. 
embodiment for ^ aCCO rdmg to 

25 a one end of of an 

•« a cross-sectional view 
Figure 3X is invention. 
oer according to tne 
interposer, at. 
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Fi9 ~. 3B is a cross-sectional — ? 
o£ a „ incerposer. according to the invents. 

rigu r. « is a cross-sectional vie. of another embodiment 
o£ an i-rposer. according to the invents. 

. 4 is , cross-sectional view of an embodiment of a 

Figure 4 IB a ere „^„ to the invention, 

generic space transformer, according 

. « is an exploded view, partially in cross-section. 

^ card'sselly of the present invention, 
of the probe card assemoxy 

~e a ejnace transformer 
Figur e S. is a P-Pe ;r - r ; a ^ ly of 
component suited for use in the pro 
5, according to the invention. 

r^rsoective view of another space 
Figure 5B is a .^'^ in the probe card assen*ly 
transformer component suited for use m 
of Figure 5, according to the invention. 

nlan view of a space transformer 
F igure 50 is a bottom plan view ^ ^ 

component suited for use m the prob 
5( according to the invention. 

* ^-ii-Viio-r the top or bottom 

» - • rr^r" : h for p « * - 

• , oartial cross -sectional view of the 
Fig ure 6B is pigure 6A , according to the 

interposer component illustrate 

invention. 

, a view, partially in cross -section, and 

Figure 7 is a view P similar fco fche 

; partially-schematic, of a proc 
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•nustrated in Fi^ 18 invention. 
ard assembly il^ str aCC ording to the 

pr obe card a duCt or wafers, 

use in testing sen, crOSS -section, and 

7A is a view, partially 1 lly adjusting 

?igUre J \t c of a technic for autom cCOX Zir* 
pa rtially^ hematl f C ' the space transformer comp 
t he orientation of the 

to the invention- ^ technique for 

. cros8 -sectional view ding t o the 

Figure 8A a cr be eleme nts, 

.„„ ti r, structures i 
fabricating tip 

invention. ^ 8 t e ps in the 

BB is a cross-sectional t ion. 
Figure 8B is acCO rding to the 

. in crOSS -section and 

8C i9 a side view, part-UV ^ 
Fi9Ure 111 of a space transformer 
partially m 

to the invention. croS s-section and 

a side view, partially ^p^nt of Figure 

Fl9Ure 8D £U U of tb. space «-*«^^. BB, according 
partially in uU ° ^ ^ ^res of 
8C being joined wi 

to the invention. cro8 s- sect ion and 

is a side view, partially ^ gpace 

20 ^fir c ^nent of ^the invention, 

transformer P ^ aCCOrd ing 

structures of Figu 
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s directed to probe card 
This patent application XS £ using sa me. As 

assies, -^•J^^L'lt follows, the use of 
will be evident from the descr J pressure connections to 

reS iUent contact ^^ZllL is essential . Preferably, 
terminals of an electronic component ^ ag „ composit e 

the resilient contact ™*J *~ Ascribed in the 

interconnection elements , App iication No. 

disclosure of the ^ , incorporated by 

08/452,255. filed 5/26/95 l ^ summariz es several 

reference herein. This patent pp ^ . n the 

of the techniques disclosed in th 
discussions of Fibres and 2A-2X. 

.. _ £ the preferred technique for 
An important aspect ^ H C0Tnp0 site" 

practicing the present by star ting with a core 

interconnection element ca " electronic component) , 

(which may be mounted to a terminal ° ^ erial to: {1) 

then overcoating the core wi ^ resu lting composite 

establish the mechanical proper* ^ ^ ^ interconnection 
interconnection element; an /o electronic component, 

element is mounted to a terminal o ter minal. 
purely anchor the ^^^^ element .spring 
IB this manner, starting w ith a core of a soft 

element) can be ' into a spr ingable shape and 

ma terial which is readily J P ^ ^ le of elect ronic 

which is readily attached to eve L of forming spring 

components. In light of prior art t JP^ ^ . s 

elements from hard * ate " alS ' goft mate rials can form the 

arguably counter- intuitive, ^ ncomposite « interconnection 

, basis of spring elements. ^ ^ regiUent con tact 

element is generally the pr present invention. 

*~r- ,iae in the embodiments ot 
structure for use m 
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W096/15458 general manner, 

various shapes for composite inter 
to the present invention. 

„after composite interconnection 
Jn the -in, are described. However, it 

elements — *! 2" XT non-resilient compete 

shouM be understood th ^ ^ q£ ^ . nventlon . 
interconnection elements fall 

• ,tt.r composite interconnection 
^rther.inthe^in^einaf- ^ ^ co 

events that have a soft (read V co „ p onents> oore, 

affixing by friendly V^T^« ^ •» " 'k 

cvLoated by hard .springy thaC the core can be 

ho wever. within the ™°*° °J^ serving primarily to securely 

a te rd material - the overco ^ ^ o£ an 

anchor the interconnection 

electronic component. 

• =, interconnection element 110 

X. W~ «• tterial ...... - 

includes a core i» * • 40 , 00 „ p.i, , and a shell 

^ vrneld strength ot xe»=> material having a 

naving . yield ^ ,.. . mate ^ ^ 

(overcoat) ut so ,000 psi) . Tne COi . 

yield strength of greater tna" B °, sub9t antially straight 

"elongate element shaped ^^f^ . diameter of 0.000 5 - 
cantilever beam, and « » » « _ 25 mlcrons um) , . The shell 
0 „030 inches (0.001 inch - 1 " l CMe lia by any suitable 

° 114 is appued over the already^ p^ ^ (e g ., by 

5 process, such as oy 

electrochemical plating) • 

what is Perhaps the simplest of 
Fig ure IX illustrates wha P ^ ^ present 

spr in 9 shapes for an beam oriented at an 

invention - namely, a tip 110 b. When such a 

30 — - * r: ;^te of an .i*^ «> 

force is appl^d by a 
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wo 96/15458 .... a pressure contact, 

. -nterconnection element xs makxng 
wh ich the xntercon defle ction of the txp Bwip i n g.. 

result m the HP eMUies a relra COTtac t«a 

motion. ~* disconnection element - d 
-* TTthe electronic component. 

d ess . ana by con-Uin, its 
ftf its "hardness , imparts a 

4 esirea resiliency « ^connection 110a 

components (not ion element 11 ^ o£ the 

„ a ,10b of the i»t indicates an Md P lte the e nd 

reference numeral 110. an a the actual ena oppos.t 
int er=onnection element "0 ^ ^ of a^ctr 

renf r-ercrnnection element ^ 
contact force .pressure,, as 
labelled -r. ^ in 

25 core, . ana » P^t . canC ilever 

M usea herein, the sC ructure 
^■areuseatoinaicate^ ^ ^ dJ he 

overcoatea core 11* Uy in u- 

0th " "le'alT; traverse to * ^££4T— ~ - 

- eiratrXemenl - ^ the use of these terms, 
intendea to be conveyed 



23 



PCT7US95/14844 

WO 96/15458 

i-rtrical interconnection element 120 
In FigU re IB, ^ 6 Ct ;; r C e al 122 (compa re 112, and a hard 
similarly includes a soft « ^ ^ c£>re 122 l8 

shell 124 (compare 114) . ^ considered to be S- 

shaP ed to have two bends and th ^ in this m anner, a 

shaped. As in the exam * le J* ^ lectron ic components (not 
resilient interconnection betwee ^ ^ q£ the 

shown) can be effected between he two^ ^ 

interconnection element 120^ ^ ^ interconn ection element 
120a indicates an end p ig nQt shown .) 

«0, and the actual end opposite ^ ^ component , th e 

» contacting a ter^nal ^ of ^ ^ ^ contact 

inte^ection e^ent X,0^ ^ ^ 

force (pressure), as 

lyrical interconnection element 130 
m Figure IC - e ^ o 1 r C e al l32 (compare 112) and a hard 
similarly includes a soft cor ^ ^ ^ 

shell 134 (compare 114). cons idered to be U-shaped, 

shaped to have one bend and may & 
As in the example of Figure , ents (not shown) can 

interconnection ^"^^s 130a and 130b of the 
be effected between the t ^ ^ reference 

interconnection element 1 • the inter connection 

— »» X'Uu-rll o Posite the end ,30. is not 
element 130, and the actu ele ctronic component, 

Shown. , m -"-"^'"rcoutd he sheeted to a contact 
the interconnects element 130 ^ ^ ^ 

force (pressure), as ,. ment 130 could be employed 

Mter.ati.ely - rr:To b , as indicated hy the 

to make contact at ow«= 
arrow labelled -F'". 

rig ur. „ iUustrates another em^iment of : a .silUnt 
° ^connection element 1,0 ^J^- eleme „t U0 is 
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curved tip 140b, subject to a contact force -F- acting 
transverse to its longitudinal axis. 

Figure IE illustrates another embodiment of a resilient 
interconnection element 150 having a soft core 152 and a hard 
shell 154. in this example, the interconnection element 150 is 
generally »C-shaped». preferably with a slightly curved tip 
150b, and is suitable for making a pressure contact as indicated 
by the arrow labelled »F". 

It should be understood that the soft core can readily be 
formed into any springable shape - in other words, a 
will cause a resulting interconnection element to deflect 
resiliency in response to a force applied at its tip For 
example, the core could be formed into a conventional coil 
shape. However, a coil shape would not be preferred, due to the 
overall length of the interconnection element and inductances 
(and the like) associated therewith and the adverse effect of 
same on circuitry operating at high frequencies (speeds) . 

The material of the shell, or at least one layer of a 
multi-layer shell (described hereinbelow) has a significantly 
higher yield strength than the material of the core. Therefore 
the shell overshadows the core in establishing the mechanical 
characteristics (e.g.. resiliency) of the resulting 
interconnection structure. Ratios of shell: core yield strengths 
are preferably at least 2:1, including at least 3:1 and at least 
5:1, and may be as high as 10:1. It is also evident that the 
shell, or at least an outer layer of a multi-layer shell should 
be electrically conductive, notably in cases where the shell 
covers the end of the core. (The parent case, however, 
describes embodiments where the end of the core is exposed, m 
which case the core must be conductive.) 

From an academic viewpoint, it is only necessary that the 
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«.«•»"» . o£ the resulting =o«*osite 

prOT , thrs vie»E be overcoated^ ^ core . 

^""^ P ^ « ^ acting to overcoating 
rea -J « - ^r^ea, to an — 

component a " , 112 122, 132. 142) 

. bl . aerials tot the core ^ nuI(ll copper, and 
salable ma a gold. a wit h small 

induce, but are W^^J^ properties 

the " all 7 otb r«tals to obtain d«£- » ^ , and the 

amounts of cadmium, s Uco , plaC1 nu», 

«<* as «th "7 ible to use silver. J group f 

" alols such as «*als of the P blsmuCh , 

elements. heir alloys 

cadmium, antrmony an ^ 

. attaching an «nd ottbe core ( „rr» ^ 

Vi3 " a ' VlS ric component «*"«— (e.g.. 

o£ an ' le< =" 0ni ;.„lly. a »i« ° £ pressure and/or 

herelnbelo«»^.«a^y. m ^ temperat r • ^ 

that is amenable ^ ^drng) » o£ ch xs 

ultr asonic --V^ ntion . xt is ... 
practicing the ^ amena ble t usea for the 

invention MteI1 al, 
plating) » inCi 

core. 12 4, 13*. 144) 

• n« for the shell m 4 ' indiv idual 
S » itabl ; :Ts -cu-d bereinbelow ^ 
include (and, - » „ , hut are no t U » gold 

layers o£ a multr-lav iIM , and .the 

and its alloys.- coppe- ^ hoth ol « 

„< a llv hard 9°^°' ^abilities ana y 

irilent -rent-carrying capab 
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w o 96/15458 platinum group; 

The technique selectea hereinabove win. 

over X various core -^^^tion. Electroplate 

vary from application -to app teo h„iques. 
course, vary generally prei«= 

* Mectroless plating are g imter . intu itive to plate over 

sr..,. —-ir-" ;vr^nr.r. 

9 ° ld „' layer over the gold wire stem. » orde 
initiation layer 
plating initiation. 

.,-ion element. such as i 
-nmlary interconnection dia meter of 

ftn exemplary have a core 

Ulustrated in Figures «Y ss of 0 .001 inches 

illuscr in ches and a shell t overa u diameter 

-rr— io» — - -;r;r ai^ter ^- - 

^proximately ^Jf~J£ii,. ^"oli^ 
times the shell . ,o»e-£i£th to five, 

shell -ill be on the r) oi the cor.. 

• o t-he thickness (e.g.. 
times the tn interconnection 

for composite mterc 

Some exemplary parameters 

of 1.5 mils is 



Some ex»¥*"*' * 

«f l 5 mils is 

S '^Tal Hold Wire core ^J^J, 9 enerally C 
— " ~ an -£^1 ^ ? fot" 3 

*? ^roi 0 ^ "rail diameter ^ ^ ot so 
°: , nd optionally receives a ^ co „ tact 

resistance) - The x 
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3-5 grams /mil- 

WO *" MS ' ft W <* ^"r^a contact *«« 

in use, 3b example 

* q-25 grams- ^t-erposer. of i.O mils 

of 9-*? * an xnterp diameter oi 25 

ml .nv receives a i .^erconnection ex ig 

and optionally r git e xnterc ,^1, an 

qo ld- ^e resulting proximately obe . 

9 •„« constant IW . element tor lS 

1 to have an overall »_ i y 5 »xl». * , „.« 

-° »"\r:;ot "overall a =: - ot . t 
:^Xa — r^ro £ a — • 

20 , „ nt have a r° u rr oss-9 eCtl the term 

core need not » ngU iar cross herein , t he 

25 Bonding) • 

-nTUAXBB-^ 1 * ^.^t 200 of an 

m&~^ embodiment compon ent 

illustrates an electronic comp 

*^ re ^ , Lnt 210 mounted to an example , a 

interconnection element ^ ^ at one end 

. y- 4 g provioea , i8 bonaea f m tne 

-5-12 which I s f _ ore 21& 1B , to extend 

, a 9° ld) W - is configured to sho «n m 

soft te - 9 t ; e terminal 214, x. e the shape 

^."l a^ nave a spring ^ape 

terminal ana 
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VOW "*' „ co have a free end 216b. Bonding. 

FlguI . IB, . and is severed to hav ^ u8in g 

snaTinS and severing a „« . » end 216a o£ the core 
.ending equipment Th 'J^^ of the exposed surface 
covers only a relatively small p 
of the terminal 314. 

d over the wire core 216 
A shell <°«~°"\ being multi-layered, having 

which. i» this example » 220 , both of which layers 

,» inner layer 2i8 and an outer 1 J SM . or more 

„ suitably be ^ « » £orme d of a hard 

la yers of the multi-layer shel ^ a deaired 

Serial (such as nickel and ^ ^ For example, the 

resiHency to the i""^ ferial, and the inner layer 
outer layer 220 W be of a ha ^ ^ layer 

may be of a material that acts a ^ plating 

,or as an activation layer, or as « ^ w . 

the hard material 220 ^ the hard material, and 

Alternatively, the inner layer2 e may ^ ^ ^ 

the outer layer 220 ^^""characteristics, including 
exhibits superior ^""^^mty. When a solder or 
electrical conductivity and solde ^ ^ o£ the 

braze type contact i. M gold . tin br aze 

interconnection element may be lead 

material, respectively. 

?TT an TO IS TF.KMlNAk 

• „ oeneral manner, another key 
ngure 2A illustrates ,,xn 9 ^ resilien t 

feature of the inven "°" ure ly anchored to a terminal 
interconnection element can be secur ■ ^ ^ o£ tha 

on an electronic <*>»°° mt . „ 6U b1«ct to significant 
interconnection element «U compresslv e force <arrow 

mechanical stress, as . "suit ^ ^ iMerconne ction 

F») applied to the free 
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. . 2 A the overcoat «». «°> = OT " S 
As illustrated in Fi*** £ e „ cire fining U-. 

,.. pent the core 216 ° interconnection 
ad D acent th reliably anchors the in provi ding a 

This securely ana ove rcoat material P 

210 to the terminal, the cont ribution to anchoring 

substantial (e.g., ^ e Unt to the terminal^ 

"e resulting i^ erCOnn6Ct ^ hat tne overcoat material cover 

TnerallV, it adjacent the cc^ » - 

* 3 JetrCd holer, that the '^J^.'U 

generally preferred, terminal- Prer 



the entire metal i ic . 
la yer of the shell is metall 
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. . B the relatively small «« * 
As a 9—1 ^HTg tended, to the terminal is not 
v h the core is attached (e.g.. ■> lting from contact 

t ed to accommodating stresses resu ccion 

well suited to ^-,vltinq composite i*^ 

forces ("F") i^ed on the the entire exposed 

£ I 1 By virtue of the shell co ly small are a 

furfire of tL terminal ^ 2l6a to the terminal) 

prising the attachment* the ,co ^ ^ d t fce 

the overall interconnection str ^ react conta ct 

n The adhesion strength, ana ^ end 

terminal. The £ar exceed that 

forces, of the overcoa 
(216a) itself- 

1ortronic component" (e.g.. 212) 
As used herein, the ^/^T^nnect «* ^ e 
includes, but is not ^ dles . made of any suxtable 

Urates; semiconductor wafers ■ na u or galUum- 

substrates, => , s silicon . tq , 

sacrificial members . eleme a and _ ce „ mlc and 

th e parent case, •~^£ r JU, and connectors, 
plastic packages, and chrp 
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0 f the present invention is 
The interconnection element or cne P 

particularly well suited for use as: to silicon 

• --connection ^^^^ pacKage; 

' ^Tn greyer detail herein^ for testing 

^^c^ - — (di9CUSSed " 

greater detail hereinbelow) . 

The interconnection element of the present invention is 
• rtll it benefits from the mechanical characterises 

rr hirvield -ength, of a hard materia! without being 
imtted b M attendant typically poor bonding '"aracter^c 
limited by t ...berated upon in the parent case, this 

of hard materials As J ^ (overco at> 

, j. made the -falser of the 

r» terms are borrowed from the milieu of civil 

^in= "his is very different from plated interconnection 
engineering. This is ry ^ ^ ^ ^ as a 

elements of the prior ^ ^ is generally 

20 protective (e.g., anti corros characteristic to 

Incapable of imparting the ^^^J^T^ 

the i~»-~i- B ^«- a ^sT such ,. 

contrast to any non-met a J. lie, anu 

beLotriazole (BTA) applied to electrical interconnects. 

Among the numerous advantages of the ™ 
, ,<,„ „f free-standing interconnect structures are 
that a plurality of free a nt levels thereof such 

readily formed on substra ^ ^ ^ height above 
as a PCB having a ^°upUng =^«" r> „ wlth one 

30 ^jr^rur^ * — . - —in 

P-tic and f: -- c J-rr Mention are 
interconnection element formed according 
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a for particular appuca inter connection 

-Ca^^ *~ ^Te^ -o^ion. ,-stic 
" Y .. exhibit both Plastic and elast non . pl anarities 
events «** „ accommodate 9 conne «i=n 

deformation may intercon n==ted by th neceesary 

*» ^rr ln ".ti= behavior ^^Veshold mini- 
elements.) « ne element generate a 

that the ^««-^n o effect a reliable makes 

amount of ^^£\ ip of t he ^o^^ *" 

advantageous that th ^ ^ electronl c c P 

a wiping contact with of contamin ant fill- 



a wiping presence 
to the occasional pr 

contacting surfaces 
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contacting sur_ 

As used herein, the term (interconnection 

c tures i«^ ieS C ° nta , elastic behavior in response 
structures primarily elasti „ ^pliant- 

elements) that ex ^ act force) § and the ^ 

to an appl-d loa ( interconnection ^ ^ 

implies contact stru c in «*P 

exhibit both elastic an P herexn , a comp 

olied load (contact f orce) - A gtru cture. The 

aPP t Structure is a -resilient inve ntion are 

C ° nta ,e Interconnection elements of^ 
composite xnterc com pliant or 

a special case o 

structures. detail in the 

^ o£ matures are ^^"^."^rioat'ing the 

* "caT deluding, but not ^/^rates, gang- 
parent case, i on sacrificial ^ an 

'""I^S* ° £ • int : h :T„terc-ection elements 

transferring prov iding the int ^ £inish; 

electronic comp ably with a roug ele ctronic 

uith ^erconn.ction elements tt th e 

^ 10y e,t to temporary, ^"^^ection elements to 

component to m arr anging the interco 0 p posi te 

electronic component, ar ^ than at their PP 

have different spacing at 
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. nfl cliDS and alignment pins in the same 
ends; fabricating sprin cl^ interconnectio n elements; 

process steps as fabncati g accommodate 
employing the interconnectxon eleme omponentB; 

diff erences in ^J^^ h ^L^ packages (such 
eliminating the need for soldering res ilient 

a8 fo r SIMMs) ; -^^^^ctur-). 

interconnection elements (resilient 

rw,i-Tollf"* Tmpp^ance 

4*-*. int- erconnection element 220 
"T,." C T^:^o, .inner e!on 9 ate 

having multip.1 e layer- A» onMotlon element 22 o is 

conductive element 2" of ^ ^ overcoated , as 

either an -coated core or a co ^ portion 

described ^"^^."L^ material «not shown, . A 
222 is masked with a sul " innermost portion 222 

dielectric layer 224 is applied over ^ o£ 

such as by an electrophoretic proc . 

layer 224. 

a conductive material is applied over the 

metrically grounding the outer layer 226 will 
in use. eleCtrlCallY * n element 220 having controlled 
result in the interconnection elemen . c layer 224 

im pedance. *n exemplary mat al for ^ ^ ^ 

is a polymeric material, appue 

. . „ n l - 3-0 mils) . 

any suitable thickness (e.g., 0-1 

Th e outer layer 2 26 .ay be multi-laye. 
instances wherein the inner-- port, on » , - a 
ir^:rdrred°^:r r oveLl interconnection element 

exhibit resilience. 
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ament 250 Wherein . Polity 

"Tcard insert are omitted interconnectio » 
T tY T»e attached ends »»• ^ pltch facing,, such as 
Cl ^. 251 originate at a first p ^ are 

0 To inches. The i*"^"^ end3 (tips) are at a 
°-° 5 ' ,/or oriented so that therr £«e M 
shaped and/or ori as 0.005 °-° a one 

second, ti-r „ nich ^es interconnection s 

interconnect assemb V » all y referred to 

pitch to another pitch 
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tranSf0rmer "" . h 256b of the interconnection 

_ * the tips 251b.- 256B ot making 
M illUS «ratd"n - — ^ ""'jt semiconductor 
to , or testing -/« (contact points) 

C ° n . Jving wo paraUei rows ° £ ^ P to ha ,e other tap 
rrntr-ection eie^ts =an - ar ^ having 

other contact P diBC losed herein, 

, throughout the embodiments ^ 

— "V* « interconnection element may ~ ^ 

al though oniy one i ^ tabricatl »g a P o£ 

^ect-ontomponent 8 ^ - ^ai^atio^iP 
^erconnection^ - - pa «ern or 
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. oJ ^erconnection elects d,««J 
Th e mounting of int . s been disc 

any suitable surface of 
social suites. 

• n is directed to the PARENT C*SE. "hi ng a 

Attention xs ^ Figures llA-H* » rtri1 - ac t 
™«ie with respect to Figu re silient contact 

for example ^ ion structures (eg-. subseque nt 

plur ality of in-- ^ rea ^ ^ 

structures) as s P and which of 

mounting to electr 12C mounting a P ler) 

Figures 1-"* , ( . , al substrate icarr* 

- — _ _ . 

* interconnection 
plurality of inter x gubs trate. 

structures, using a sacri 

of the technique 250, 

, D illustrates a first step led 

Piqure 2D in"" ma «vinq material ^ 

0 r ^ -f-T-ned layer of masKxng sacr ificial 

in vhich '/"^acriUcial substrate ' £oil . 
onC o a surface^ a ^ ^ r „ ^ ^ 

sute tra« »«-Y» ^ing material 252^ y ^ 

by „ay of exa^e. ^ - pat-- ^ ^ 

-rea, it i- -"^^ 256c are, in tbis sense 
element*. *. ^"""^ an electronic exponent- ». 
parable r t h e :r f 2 = ^ _ v^^J^, 
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W096/15458 , _ sginq tool 257 

. ,n v with an emt>ossi«y 

this may be -°^ li3hed r f h oT^ » « T 

orming sessions in the >* o£ the £oil at these 

an d 256c. Alternatively, the ^ a 3ur£aoe textur ^ 

Xocations can be chemically etch purpose 1S 

w technic ° - — ~* bla9tin9 ' 
within the scope of tm 



peening and the like 



0 



aeenmy - 

, . o£ many sho»n) of conductive tip 
He«. a Plurality (on ^"^ion (e.g.. a.*), as 
structures 258 are forced at e acco ^ li6hed using any 

ul uetrated by tiff- ». Th * 8 plating . and may include «• 

suitable technic. -- -^J,.^. P or example th 
structures having multiple layer ^ „, micr oinch> 

tip structure 258 may have a J™ aacri£icial substrate 

Jrier layer of nickel ^« °< 9< T a ' 

Sliced by a thin e.g.. M iayer o£ terd gol d 

tollowed by a thin (e.g.. * » mlc roinch> layer of 

followed by a relatively thick J..g., ^ layer c 

nickel, followed by a final thin <e g ^ o£ 

soft gold, -nerally. £ ^ o£ gold from ^ 

is provided to protect the s alun , inu „, copper) of the 

'poisoned" by the material (e.g-^ o£ i5 to 

s'ubstrate 254. the "lativel^k ^ ^ ^ 
provide strength to the «*^£ h ' u rea dily bended to. The 
of soft gold provides a icular s of ho. the tip 

invention is not limited to 6ubstrat e. as these 

structures are formed on the ^ applicat io»-to- 

particulars would inevitably 
application. 

, - 2S a plurality (one of many 
R s illustrated by M9Uie "' otlo „ elements may be formed 
shown, of cores 2,0 fo, ^ ° any o£ the technics of 

^2-" bribed hereinabove. - — 



. „ . ore£erably hard ■»"• 2 iB then 

overrated with a pre£ material 

■v,»d hereinabove, »no of many shown) o' 

described nei plurality (three 01 sur £ace o£ 

removed, results « « P 264 BOU „ted to • 

standing int«=°»~"™ 8 i"-—" 4 W " SU " 

the B acri£icial substrate. ^ 

» a manner anions to described with 

least the ^ -t«Ul ^ 

Alternatively * 

component . 

taken. silicon 
It l9 within the scope - ~* tip 

structures are £ab d , brazed) to r crOTic 

be i=ined <-•••" have been mo-ted »> ^ in 
• structures ^^S-^ o£ these technics 
component^ F low . 

«gur« •»-«■ cri£i ci.l substrate 2M 

As illustrated by »'^e process such as selective 

, be removed, by any BUltable * lve ch emical etching 
may simply be remo ^ selec tive an 

25 chemical etching- at much ^ ^ 

processes will etc serial may slig * „ 

other material •£X-~-> " ^TZ^^^ 
* ^ rthin blU« -ver o£ -f a i£ tial ? substrate . 
remove the t removing the s<* be 

30 contemporaneously with ^ ^ « ^ « y 

^■r- if need oe, ^ This results in « f 

"redinasubsecentetchstep. 
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WO 96/15458 „. H dual discrete, simulated 

{thr ee of -nv shown) * >y the dashed Une 

^connection (s uch as *y — — ~ 

266 , which may 1»» electr onic components. 

It be ars mention that ^ — - — ^ 

— ~£ — However, it - 

substrate and/or tn 

^ the overcoat, ^ A ^ 
To prevent thinning of 'he approximately « 

a thin layer of 9°W «. * ovet approximately 20 

overcoat material ^ conductivity, contact res 

primarily for its super- -on ^ ^ t o most 

sol derability. J^ed to be used to remove 

barrier layer ^ ^ 

Alt ematively, as ""^J^t^^itY ^ " 
removi„ 9 the ^^J^^. 26* -V * -fi«d- - 
. many shown) of ^""^"h Tp »ith one another by any suitable 
Tdesired spatial relationship «* ^ ^ hsving . 

™rt structure 266, such as y lfieial substrate 

^aUty - -les *^^T M r-y - of a dielectric 
Is removed. The material overcoat . ^ 

" l^ric^l. T — T^rc^l \^ts » 

V !L board may then P'°« e *. stabilize the tip. 

M ^cations, it may be desireab elem e„ts 

30 appxi structures) of tn applied 

(opposite the txp when contact fore 

264 from moving, espe 
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V " ,W " m also be desirable to constrain 

thereto. To J^^onnection events with a 

termed or a dielectric material. 

of che technique 250 described 
A distinct advantage of ^ fae £ormed o£ 

hereinabove is that OPJ^ having virCually any desired 
virtually any desired material ^a ^ ^ example of a 

texture. As -ntioned "«""^' el 9 ecCrica l characteristics 
nob le metal th.t X !« contact resistance. 

o£ electrical Mntoctivlty. corro sion. Since gold is also 
eolderability, and °. ^ t ed to be a final overcoat 

ma lleable. it is extremely «" ction Omenta described 

applied over any ot the rntercon Ktion elen ents 

herein, particularly the resent 

described herein. Other noble meta ^ ^ ^ 

characteristics, ^^f^ectrical characteristics would 
which exhibit such excellent ele an entire 

generally be ^^^^ £or example, is notably 
interconnection element. «** a £inai overcoat on a 

brittle, and would not P-*"^ Jn thl3 re gard. techniques 
resilient interconnects e 1 ement . ^ overcoine thl . 
exemplify by the <**""^ layer o£ a multi-layer tip 
limitation. For example the ^ tha „ gold , as 

structure <see 2S0, can be rh ^ its superior 

„ltemate embodiment 270 for 
Figure 21 illustrates an ^ embo diment, a 

, £ abricating ^^Z^To le surface of a sacrificial 
^asxing material 272 is applied t . cy (one ot 

eubstrate 27,. and ^^"f^ simi l ar to the technique 



shown) of openings 276 , 
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i. 2D The openings 

Ascribed hereinabove wit* ^^J^ on elements will be 

276 define areas whereat 4 throughout the 

fabricated as £ ree-standxn 9 structure- J ^ u 

descriptions set forth >-~"'J^ ^ t o , terminal of 
.free-standing" when rs has on ^ ^ ^ ^ Mcri ficial 
a » electronic component or interconn ection element 

rn^t^^ttonlc cogent or sacrificial 

substrate . ) 

thin the opening may be textured, in any 
The area within the p ^ ^ ^ depressions , as 

suitable manner, such as ° extending into the 

indicated by the single * 
surface of the sacrificial substrate 

ct - em ) 280 is bonded to the surface of the 
A core (wire stem) 280 is 

— ^J^STX. one id of one 

suitable shape. In this il iUoet rative clarity. The 

interconnection element *s^h . ^ ^ electronic 

other end (not ^ ^ te ob9erv ed that the technic 2,0 
component. It may now reaa "* technique 250 in that the core 
aiffers from the aforementrone "*T ci Tl substrate 274. rather 
28 „ is bonded directly to the sacrrf.c.al ^ ^ ^ 

than to a tip structure 25a I _ Y onal .^bonding 

cor e «... is "•^^^•J a^num substrate 
techniques, to the surface 

17701 a layer 282 of gold 

» * "rllairov" ^core 2,0 and onto the 

is applied (e.g.. by P laCin9 ' within t he opening 276, 

~f t-he substrate 2 /* wi<-«* 
exposed area of tne primary purpose of 

including within the ^■■^^ surface at the end of the 
this layer 282 is to form a conta ^ sacrificial 

, resulting interconnection element U-e.. 
substrate is removed) . 
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W096/15458 d mat erial, such as 

la yer 284 of a relatively nar mentioned 
Next, a layer 2 ^ layer 2B2 . 

^ el ' is ^^^•'T.i^^ tothe 

h ereinabove. one P eristi cs In this 

desired mechanical onne ctxon elem . g fco 

result^ ^^ry purpose of £ -ye f 

the layer »4. ion element 

resulting xnterco ^ ^ sacrificial 

„ . £inal step. - -t^rr- 3 — * ^"r - 
sub strate a« axe remove , ~ (COBpare »*~£J^ 

spatial relations!,*. ^ £M 
. „, 270 is exemplary , nt erconnection 
fabricating^ ^ ^ exoell examp 

element,. » teen described. conta ct tips 

0 -i^ 1 " tTthe invention that o^ Ktion eiements. 
Che scope of tn ^ o£ in ter her £ea ture 

M Tthe teenies desert herein^ ^ 
according to the t ^ ^act tip tha „ 

o£ this embodiment W >J ■ eubstiate as 

2S entirely atop the ^acri saori£ioial substrat 

- ithi \red s ; - 

contemplated cy 
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hniaues descried hereinabove general ^ on 
The techniques a ^...ting composite interc 
. „ovel technique for fabri- ^ „ hich a re -* 

events, che P^f d J irea degree of resUiency. 
tailored to exhibit 

•r. interconnection elements of the 
Generally, the composite int^ ^ £abricated upon) 

present invention « as an interposer, disposed 

I substrate which will funct nic COTpone nts, one of 

between and interconnecting ™° on each side of the 

i„ the aforementioned 
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in the elJ-v^J. — • 

plication So. oe/S..-. 

•v..rt hereinabove generally set 
The techniques described here int erconnection 

. JTx technique for « ~ ^ 

element., the physical chara ^ te9iUenoy , M d the 

^ - ^te^terposers using such =o^site 

: ;_ nnec tion elements. ^ ^ 

Generally, the composite inte fabric ated upon) 

pre sen t invention are of the Interconnect- 

I s--; : ^;:;r C on t ac t wit, seiected areas 

, es various techniques for probing 
The PARENT CASE discloses varxo 
semiconductor devices. 
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W o 96/15458 „„nnection elements of the 

. i.v,p interconnect v,or-pinabove- 

mention « an -inte^*" cvro 

Generally. » USe ^ e site surfaces thereof. * P elecCr „„ic 
contacts °n » ^"^ft t he integer permit 

electronic «-f» Wt it i9 ae sirable that the e nts to 

components. Often £ roe cted -^""T, che Uk e> . 

at least one of '"'^^cement. upgrade. 

be removed (e.g.* 

IJSIISS^^ an interpoS er, 

« an embodiment *v renerallYf 
. ax illustrates an emo inve ntlon. Genera i 

connection elements o£ the x substr ate. « 

using the i"" IC °°"°° 302. such as a electrically 
„ insulating (tvlo of manY sho-n. o ^ ^ 

provided with a plated vras> 30 . (upper) 

conductive ^° U3 \^ cti v. portions e,cposed on th 

lik e. each having conduc ^ o£ 

302 a and U 

X pair of "^"Ue 30* on the top surtax ^ 

exposed portion of the thro 9 ^ ^ cores 313 J ^ ^ 
„ ^the suhstrate 3«- ^ o£ tM through ^hole ^ ^ 

o -e substrate 30* . ^ly. rf 
bo "° m °" It ». are attached to the ^e P JM> and 

cores 315 «» " co p surface » » 

to the expo»= 

thr ough hole o »- s n , ^ 31 8 f ~„ OB surface of the 
2S a pair or ~ hole 308 on 

then overcoat ed wx 
portion of 3ll .. 3 i8 ar g 322 a „d 324 

substrate 302 Th interconnect st ^ ^ f£>rm 

h ard tnaterxal 320^ ^ ^ substrate ^ ^ 302b 

- ^ "Lttrl-ures 32. and 323 ^ core 
30 interconnect In this *an ve expo sed 
of the substrate ancho red to the 

311.. 318 are securely 
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^ 0 interconnecting structure 

portions o £ the ^^ hh ° 1 ; o S ' t *\««rccnne«in g struck W. 
is electrically connected to^ t*e ele ctricaUy connected 

,„d the interconnecting structure 3 ^ ^^ood 

^ tt interconnecting oCruc ture (e.g.. as 

° by providing each interconnecting ^ ^ 

— ' 7 

reli ahle -nnectio^to^te^ elemen ts, . 

effected <!.«•• 

„f interconnection elements 311. 
As is shown, the top group of i« ^ and the 
«. 31, and 31, are allied w h^ ^ ^ ^ 
attorn group of tha t the bottom group «* 
shape. 1- * provided with a shape which is 
interconnection elements can be P „„ elOTen ts, which 
Afferent than interconnecting 
would Erovide_tne 
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v^trate The sacrificial 
and bottom surfaces of the support *u ^ 
substrate is then reeved Eviden Y ^ ^ ty of 

(compare 266) can simply *> are ^ to a 

interposer assembly. 

„, h . r embodiment 360 of an 

Hg «r. 3C t^n elements of the invention, 

interposer using the interconnect^ ^ previously -described 

This embodiment 360 is " im tton that the interconnect 
embodiment 330, with the wichln che holes 366 

structure 362 (compare 332) is ^ (compare 3 34) by 

(compare 336, of the ^"J^.^ection structures 362 
soldering middle portions of th ^ substrate. 

to plating 36S on the through 266) can simply be 

Again, the support substrate ction elements (compare 

•dropped- onto a plurality or 

substrate (254) m tne 

264 ) which are mounted to a sacr 
process of fabricating this interp 

•llustrative of the fact that a 
Figures 3B and 3C are i ^ ^ ^ ^ tQ effect 

single interconnection ^ element < ^ ^ electronic 

a single connection of respe within the scope 

components. It should element could be used in 

° £ thlS £ "—"on element of the present invention, 
^illustrated by Figu-s 3B and SC. 
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as ii^duxu 

. the interposer embodiments 
Xt should be understood ^ ^ components ( „ot shown, 
o£ Figure. 3A, 3B «nd 13C, e ^ (300 , 3 30, 

„ ou ld be ^^"^t^ser ma*e electrical connection 

i&o) in order that tne j- 

between terminals (not shown, thereof. 
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7 has focused mainly - 
The discussion hereinabove has * ^ ^ Bnaped 

olection elements from soft « inv enti=n >s 

interconnects material. ™e p Me 

- overcoatea "th a - interc onnection e-ent ^ ^ ^ 

SlS ° ToVtf ' -al sheets which elements Ctahs, 

formed of s into flat ■ *™ Thi s subject is 

StamP1 "! and olercoated with a hard - t «^ 1 paCent plication 
ribbons) and ove aI0 rementioned O.S. 

elaborated upon in the 
SO. 08/526,246. 

sx ,c set forth mediately """"^appUcable 
rtg »„. "- 3C ^ iqueB for maKing same >* ™ ^ the 

(SU « interconnection elements of the P ^ my 

IS composite inte =learly be un em p Xoy ed. 

bee „ discussed. " element (spring) can t , 

" SiUent ""i; ^-res made of ^ ^ '» ^U- 
r^rehtirspr^ -de of phosphor 

20 copper. ^ co as . pitoh 

.space transforming- (sometimes „ the present 

lie") is an important that the tips of the 

spreading ) i ^ it u i^""* spaced to one 

invention. Si* V ea be „ore closely ^ 
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4, verv important for all of the probe 
card assembly, it is ry fc<) have the sarae lengt h 

paths involved. 

4 illustrates an exemplary design of a space 
Figure 4 lllust ^ t inve „tion, wherein the 

transformer 400, according to th * * the substra te 402 

desi red space-transforming ^ shaping of th e 

t^^ c :^^^~ < not shown) attached 

thereto. 

Kc . rate 402 has a top (as viewed) 

surface 402a and component having alternating 

preferably formed as a mult, _ Uy „ , P cera „ icl and conductive 
leyers of ----^e on" wiring layer is — as 
rnc^ng two <of many, conductive trace. <04a and 404b. 

» nlurality (two of many shown) of terminals 406a and 406b 
PlU " 11 Y ' toD s „ r£a =e 402a of the space transformer 
a r. disposed on the Co > ™[ (relatively close to 

substrate 402 at a re trvely P ^ ^ ^ 

on. another) . A P*-" 1 "* * surface 40Jb o£ the space 

end 40Sb are disposed on the b °" h (relaclv , 

.reformer substrate 40 f Z one another, . 

at . SO-iOO mil Pitch (comparable to £"^"^" 4 £ J v be 

• and the top terminals 406a ana 

constraints) and the P aMe „ che center -to- 

disposed as a 5 10 m • P ^ re3ulting in . 

center spacing of semicon terminals , 06 a and 406b are 

a0ll P"^-'^^:™^ Attorn terminals 406a and 403b, 
connected to the corre o g ^ ^ 

respective ! opting the terminals to the conductive traces 
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nv well known. 
WO WW* 58 . a ii general ly « e 

. » lv This is an * support 
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* illustrates an «*» di ~ 0t0 ' components a probe 
'^ eludes" its -)« '^"Transformer SO*, and 
5 „0 which r 504 and a space tran ecCions 

card 502, an mcerp ^ temp orary t ional 

^ i5 suitable ^ thi8 exp loded cross ^ 

to a semicon^cto-- ^ certain c = %m vertioal 

ViM " Ted V^"^ Clarlt J s Sonants is 
exaggerated, " r £ the varrous comp ^ noCed 

section- . nna i circuit 

nv a conventional 

T he probe card SOa i. ^ ' ( two of .any ^ 
— ^riteri^s. disused on the topjas ^ ^ 

contact areas ("» ^ components <"° elect ronic 

mo unted to the P r d che like. The t pitch 

components. ^"° t ^ icaUy be arranged at * 1 
» circuit bo«d -y '^^ pro be carf^ 

lpit ch >s ^" ed a . Meter on the order of 

512 (conpare the 

interposer 504 includes a 3 hereinabove, a 

t ^hor^ "siUent r: c rre On 

elects 5U a ^ ^ bottom <« o£ many 3n o„n, 

downward (as corrM po=aing plural V d (by thel r 

BUbStia iI.nt interconnection element. , 516 a ^ ^ ^ 

o£ res.Uent x (a s v ^ o£ the 

, 0 proximal ends. J ^ ^ substrate resilient 

viewed) sur£aCe soring shapes are smtable 
aforementioned spring 
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W096 ' 15458 d516 which are preferably the 

interconnection elements 5X4 and . ^ ^ 
composite interconnectxon el-en ^ ^ ^ 

As a general proposxtxon the P plura lity 516 of 

1,,-ralitv 514 and of the u PF 
lower plurality are at a pxtcn 

interconnection elements 514 ^ 5Q2# for 

ma tches that of the terminals 
example 100 mils. 

514 and 516 are illustrated 
The interconnection ^'^^ clarit y. Typically, 
with exaggerated scale, fox x ^ extend to » 

the interconnection elements 5 ve bottom and top 

overall height of 20-100 mxl ' Generally , the height 
sur f aces of the interpose, ^ sub-a ^ ^ ^ of 

of the interconnection elements 
compliance desired. 

506 includes a suitable circuited 
Th e space transf ormer 506 - , such a8 a 

substrate 518 (compare 402 'f a plura lity (two of many 

mu lti-layer ceramic £T Ji> 520 disposed on the 

shown) of terminals <«^£J^ f J. plur ality (two of many 
lower (as viewed) surface t^reo ^ on the 

shown) of terminals (contact areas,. P^ ^ ^ 
upper (as viewed) surface . thereo ^ ^ ^ ^ of 

plurality of contact V** 20 ^. 516 (e.g., 100 mils) and 
tips of the ^ erC ° n 7 t ; o ; n ta e c 1 t pa d S 522 is disposed at a fxner 
the upper plurality of contact p resilient int erconnectxon 
(closer) Pitch (e.g., *0 -Isl *-» ^ necessarily , the 

514 and 516 elements ™J^££ of the present invention 
composite interconnectxon elemen 
(compare 210, hereinabove). 

o£ many shown) of resilient 
A plurality (two ° f llprobe elements") are 

0 interconnection elements^ 24 J P (i ^ without t he 

runted (by their proxxmal end ) ^ ^ connecting 

intermediary of addxtxonal materx 
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. i rvr brazinq or soldering the 
th e prob. elects to the « terminal3 (cont act pads, 

pr obe elements to the ™* £rom the top (as viewed, 

S22 and extend upward (as " e "°°> „ illus trated. 

sur ,aoe o£ the space transformer substrate 5 

the9e resilient ^"^""'"^^^"re spaced at an even 
arranged so that their tips > ^ thereby 

finer pitch (e.g.. 10 mils,^ "a ^ ^ transformer 506. 

augmenting the pitch reduc (i „ terc onnection elements) 

These resilient contact struct- ^ oomposite 

52 4 ar. preferably, but ^ (coinpare al0 , 

interconnection elements of the pre 

hereinabove) . 

■ v,- t-he scope of the invention that the probe 
It is wxthxn the -°P e ^ a sacrificial substrate 

rt=^«. - - transformer component (SOM. 

As is ^. a semiconductor ^ ~ 

o£ die sites (not shown, forme ^toUthogr^, j ^ 

diffusion, and the like, fabricated to be 

-t-i,, *-Vi*»<3e die sites aire 
surface. ' J^,^ , as is known, flaws in either 
identical to one , another . How ^ ^ ^ ^ ^ 

the wafer itself or in any ■ o y dU 

i3 subjected to form the _d» J^J^ ^ establi6h ed test 
sites being non-functional, attendant probing die 

criteria. Often due , tc •J££«^ eopdBCtcI dies from a 
sites prior « ™££ » a£t er singulating and 

semiconductor wafer, testing f ^ discovered 

paging the ^^J^o^e. the net loss is 
after pacing the se* ^ ^ fche die . 

exacerbated by the ~ sts diameter of at least 6 

Semiconductor wafers typxcally have 
inches, including at least 8 inches. 
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m * e r of contact areas 
„. site typically has a number R and in 

EaCh " L whi^h may be disposed at any ^ ^ 

b ° ndP o a n hi surface of the die .*«■■ t- ^ ^ ^ 
any pattern on the ^ giteS are 

pads 526 of a one 

fiS^- kno wn for testing the 

m » e r of techniques are ind ividual 

die sites, to 9 e ntative prior o£ 

semiconductor dies- * card insert having 

solves ---^Lea in an, «««^~ to a given 
tungsten "»^^ edle ^ing a temporary - are expensive and 
substrate, each n ^ card in sert relaCi vely 

« ° £ to 'J^acture, -ultin, ^er ^ ^ 

somevhat comple* t nC lead time to * ^ 

^h cost ana in .^J arra „ g ements that « * ^ 

. wid e variety of*, arra „ g eme»t 
semiconductor dies. 
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P-he card insert. emico nductor dies are 

The raP idity with :te d%or P-e ca. ^ 

man ufactured ^sive to ~* * space 

that are simple and ^ ^ interpose r (504^ ^ 

—round time- card inse rt, squar 

transformer (506) a 

this compelling need. ^ ^ ^ ^ 

the interposer 504 is dispose transforme r 
In use, the 5Q2> and the P ^ 

vi ewed) surface of the P ^ interpo-r 

506 is stacked atop (as & reliable pr essu ^ 

^connection ^ ^ of the probe 

•<-v, 1-he contact tem ke a rei^ 

with tne v. ^t-ion elements ^ D *-^ an sf ormer 506. 

«"* ^ r ^ct s,0 of ^^ents and .or 

r-^VUnis. - 
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assure contacts «r »» e "* l0Ye<1 ' * 
ensuring ^£Tu herein^. 
suitabU one o£ 

„ card 500 inClUd Z and the space 

pr°be the mterposer 506 an 

M« °«° the *** oTa rigid material such as 
transformer sue ,_ te 5 30 made of a ny 

a rear mounting place 

-, * =, riaid material 

stainless steel, 532 made of a rig 

a « actuator mounting P 

T^less steel, j . a rigid material such 

- "^V 1 -.—- ai-Cia, see. 

t . a1 screws including element 538, 

differential scr differe ntial screw e 

enc and an innei. « A £ OT ablv made ot «* 

element 536 and . g prefe rabiy o£ 

a hunting ring and which has P 

8 b ?(n a o 9 t s-") — « the f s r c :i; s 543 for Elding 
springy tabs not ghown) of screws ^ 

. plurality (two ^ mounting plat e 

the moun ting ring 5 ^ therebetween 

space rin g 544 ^ tQ acco mmodate 

optionally, a sp tranS former 506 

540 and the space 



— *q and w* c r 

a Plurality (tw ^ differentia l screws 

25 disposed atop (as vx 538) . 

the inner differential 
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tMimelW s3 o is a — Purring .shown 

as * ri t sir * ione o£ - w 

probe card 502. P plate . 

extend through the ^ ^ ^ ^ 

Th e actuator —ting ^ , aB sho»n) surface of 

,sho«n as a ring) disposed on 
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In 



5 30 * Pl-amy (on. of many a<>°«" 
the rM r hunting plate «°_ P actuator counting Plate. » 
of holes 550 a«end through the ^ the rear 

use, the actuator ^er, such as with screws 

n ,te 53. is a rigid, preferably metal 
The front mounting plate 5" a££ixed to cne 

ring ^ use. the front --^^nner. such as with 
re ar mounting plate 530 in ^ tor illustrative clarity) 
r 9creus (omitted from the ^ £r „„ the figure 

l0 binding through correspond-g W» < ^ ^ 

for illustrative clar^y hroug^ ^ ^ ^ng 

capturing the probe card 
plate 534 and rear mountxng plate 

«4 has a flat bottom (as viewed) 
The front mounting plate 5 ^ sur£ace o£ the 

15 surface disced against -e top^ > 
rttal^^-throu..^ — - 

.hereof, which is to reside within the central 

terminals 510 of the 534 , as shown. 

20 opening of the front mountrng P 

AS mentioned, the front -u« «P « ^ The „ (as 
structure having a flat bottom (as ^ the 

r«ed. surface of the ^^^cal extent, as viewed, 
front mounting plate bexng th,=Ker ^ ^ „ e 

25 in an outer region thereof than in o£ ^ dashed line 

step or shoulder is located at the p tran3fo rmer 506 

abelled 55.) . and is -^"J^J.W plate and rest 
to clear the outer regio, of t*e plats 531 (although. 

up on the inner reg-n o act ually rests upon the 
30 as will be seen, the s P 



pivot spheres 546) 
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554 extend into 

wo*" 545 " , ^ny ""own! ° £ 534 fr°» the top 

x plurality hrough *e front 

\.r region o£ the K P"" al " pending °"ly 

the ^ surf ace thereof at 1 ar<! shown e*t 

laSVi r U« i rnl ^ ^" T a correspond^ 

/ receive the endeof 551 «e 

partial" Been , re end , the ^ M 

" hiC> " If the screws 542- » transfer-* S 

piuraiitV <=£ pe „its the J ^ 

threaded holes- plat. 

B ' Cttred "d against the pro" « rf 

sho>ro) o£ h° leS o£ % he front 
X pmrali« "J^. — * "fpturaU 

^letelV td are - 

p--. ^ ^ s 

aiigned holes SS ele*nte " bole s 550 

SCr t mounting P^ te 532 ' a threaded b ° re ve ry *i» e 

actuator tn°» ^ a ^ ^ ^nner 

El T e S n t ial screw •^^iti*- * *» ^ew elects 
differentia xn the p . f f ere ntxal scr ^ 

25 ado—en^ can^ ^ ^ ^ 

;r.- an e-rnay-^ ^ ^ ff ^£ 
5 l r differential screw * « ^ 532 

^ 80 tnreads-per xnc^ ^ actuat or • t screw 

I! element 536 one turr ^ in ner 1 mo untmg 

30 ^ g ^ J WiS respect to the 

nt 538 stationary l~ itl on of 

61 „2) the net change xn 
plate 532) . 

55 
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WO*" 54 " , , m (0.0139) ''•inns' ^ 

6a6 .ill be 'P 1oS ' Thls permits fa=rl« and 
p ivot sphere 546 " ll !«>»•• T Jace transformer 506 

,0.0!25> inches, °* ° he plana rity or the space ^ tipB 

Uciseaajustment ^ P^ Hence , ^ ^ ctio „ elements. 

P vis . a -vis the P™b ear ,U, TTl-»«*» ° £ ^ 

(top ends, as «~» J chan9 ing the o»e ^ ^ 

probe card 502. * of the P ^ Bpac e 

P per£orming justing the P^^^low. ««h 

'mechanisms (means . ^ * « ^ „ that 
tra „»former are d.scu , the interpose ^ ^ 

respect to «. maintain^ ^ che spac e 

electrical =°f*T^e probe card 502 thro g 
«-^r an^ o £ o-he - truces o £ 

. rc^u- — 

the interposer. aB3e mbled by placing 

„ card assembly 500 is s.mpW ^ ^ting 

The probe card ln8 552 « elements 514 

the interposer 504 v£h>.» ^ interconnection ng 
pia te 53, so that 'he ^ ^ q£ p „be ca ^ ^ _ ^ 
20 contact the contactt ^ ^ o£ th e ^terp ^ contact 
the space "-^^.eetion element placin g a 

the tips o£ the inter ^ 5 06 opt ^ 

pad s 520 of transformer 50e pl« ^ ^ 

epacer 544 atop ^ a „d i-""^ 54 4 and into 

25 ring 540 over th P throug „ the P ng thl8 

through the mountrng r 9 4 a ^ ^ 

the holes 554 of the t ^ w w „ser ^ ^ 

subassembly- to the P h the rear mov»^ 9 ^ ln 

s ho»n p«li-lV - ^ 5M int o threade * plat e 534. 

hunting P^te 530, P 
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W096/15458 differential screw 

elements 536 and 538 
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punting P^te 532. ovi ded having 

a probe card assembly x P ding 
In thi8 manne^ ^ ^ bond pads 

a plurality of res- ^ a pluraU J ^ 

— fr ° m "lasT el semiconductor J- P« ^ 
(contact areas) duCtor wafer, a ally , in 

id ent from the figure, the interposer 504 

M ^ ^. determined * ^"^re achate portioning 
(baseplate) »« cara 5M T en .ure ^ 502 

be provided. suitable 

• t hin the scope of this invent- ^ ^ ^ 

It is within tn 516> s24 ) » ' inc iuding 

reaiU ent contact ^ ~ ^ £ rmer - ^ 

or soldered to contact 

space transformer. ^ ^ ^ 

t-Yie scope of tm fee pre . 

It i- »" Mn 'the space transformer « d 

interposer (SM) ^ as with "^'copending, 

assembled «ith one another, a£ox ementioned cop 

30 486 ° £ Fi9Ure 
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^ CT/0S94/1 33,3. — « «- ^ interP ° 9eI 

n{ tni s invention that the 
. ,he scope ° a olurality °« 

interposer (SO*) uies 10 „ er aurE a=e of the 

• function of tn 

principal lanari ty. 

to ensure such cop ^ suitable 

» illustrates, in ^^"^ ca rd assembly 500 
,l9 "% Ir ^strata SIS tor the er 3ub strate 

space «ans £ o«er ^ ra ^ . 

o£ Fi9«'e 5. r . ctang ular solid. h ^ l "9 Bur£ace siea 

51 , is suitably a r.=t 9u ^ th , p ^ 

... and a thic*nes° t- „ 518 is visible. ^ 

o£ tbe space ""^^nts .compare M -re ^ 
probing intercede c«. ^ ^ hundred^ ^ tranB£o rmer 
sh own. *V™* WV ' top surface S18a of the P ^ .„ 

ar s disposed on the t P thereo£ . The g ^ 

ci ft in a given . an< ^ as 

= rirr^r- any suitable pattern 

th e contact 

within the given trans former substrate 

* Hereinabove, the space sU bstrate, 
As mentioned herex multi -layer ceramx e 

,-ii-ablY formed as patterned con 

Sis is suitably q£ ceranac ana p 

having alternatxng ^ gubs trates is 

material. h multi-layer c manufa cture of 

The £ab rls ployed, for examp ^ By appropriately 
^ ta o^nd - ^ semiconductor Pa*a^ ^ ^ ^ 

' Je patterned conductive -«^ htfon « ri to dispose 

routing the pat and straig 

layer substrate, it 
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W ° W " 458 . this vie>1 , compare S 2 0, on the 

contact pads <»ot -f" 1 ' ^^ o £ the substrate SIS 
bottom surface (not vxs.ble rn th ^ ^ pltoh 

at . pitch which is ^ ace 518 a of the substrate 

o£ the contact pads 522 on „ ith che contact pads 

Sl( . and to connect the contact ^ ^ 

5 " " ^a^i-ei^O^s between the contact 

, ^.jerred feature of the space 
Flg »r. 5* illustrates a pr ^ ^ sufcstrate sl8 is 

transformer substrate 518. a „„„„ surface 

. rectangular solid having . «*-« side ^ 518 b 

(hid den from view in «h» f£» . ^ 5 , 2C , 512d a „d 

618 c, 5iea and SIB.. « « " h lon . o£ the respective srde 

572 e are provided along the xnterse 5i8a o£ 

^es SIBb. S!8C Sled an. »» « (exclusive of the 

sub strate S18 along nearly the e ^ ^ not ches 

corners> of the respective , «*. 9 o£ the space 

572 b..572e generally " e , yer ceramic structure, 

transformer substrate SIS as . ' o£ rlgut . 5 . It should 

and are also visible in the llluetr necessity . gently, 

be understood that the »«f - sl . are not notched 

since the four comers of th ^ a ceramlc , 

<Whl = h l ° b Crterr— We (5,0 of .igur. ., «u=t 
ratr/ar^ these corner -features-. 

Figu r. 5, illustrates an e— .a space t— er 
substrate 574 which is ^f^tration. and which can 
3U bstrate SI. of « oa rd assembly S00 of .1— . 

similarly be employed m «» o£ many shown, of areas 

e x. this case, a P ural ty ^ ^ q£ 

570a . S70b. 570c and 570d are ^ ^ readUy be 

piurality of *' lt is generally -intended that 

disposed in any desired pa 
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5 ,o. correspond "my of""* 

o£ die sites on a se* probed ulth a s> 9 

sites can ^^^^^W^J^' ^ f 
obe card. <»" a sem i=ond»ctor «* reapect^e 

^t-^r^rrsr-necessa,. 
- ^t^-^rr,^ •••••• t; 

single space "»» contact. «xtW P semicon ductor wafer, 

probing (-"** die sites on a (BtepB , 

as illustrated, of ^ ing the number o£ se 
^ia is beneficxa! i » die Bite3 on a «af e ^ q{ 

req uired to probe all ° ^ on a wafer. ^ ^ fae 

, if there are one bund transform*. <** ve times 

probe elects on the P transformer ' y tf lhe 

positioned again^ ^ ^ t ^ ^ 

(ignoring. t« P 11 * ua£e r w»l« be the arrangement 

edge (periphery) of invention tha orien „tion 

Jt is -itbin the s=°P« 570a) , as well as ^ ^ 

of probe sites I*;*-' ele ments (e.g.. S "** a to probe 

° o£ \ he individual of touchdowns re<,u ^ 

optimised to wi thin the scope £ ^ 

an entire wafer. « > be arrang ed on th ^ 

25 that the probe that alternate pro on ^ 

" apace transformer ^ o£ tuo ad,ace« < ^ probe 

"ten that it is is evident that 

wafer. ° iven same overall leng lemen ts can be 

eiements all *ave the uhich . t »e ^ ^.dimensional 

attached to a probe 
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W096,1M58 the scope of this invention 

here inabove) . It is sit es on a wafer could be 

that a plurality of --^^ invent ion is particularly 
pr obed in this manner. devices on a wafer, 

Lneficial to P^^^es having any aspect rat.o. 
and is useful for probing die 

i a ™ lavout of contact pads 
Fi9 «. 50 illustrates an J^^er substrate 

52 0 on the bottom surface of the P ^ having . 100 

wherein the pads f ^^ered fro. the accent 

mils * 

, .ither of the top or bottom 
rlg «r. •» f • P 1 " " e " ° s £ er su bstrate 580 (cohere SU). 
sur£ aces of an exemplary -«^ nductive are as (not illustrated 
snowing an exemplary layout of con ^ ^ . nterconnectlo n 
in Figure 5. compare »*«\»* . „ is a cross-sectional 

cements (514. interposer substrate 580. As 

view of a portion of the same rnt rP through holes 

Ulustrated in W »• ^"Vso. fJL a one surface 580a 
582 extend through the •*»»*^ Bf _ The substrate (board, 
to an opposite surface ««*^ Blt material, using 

it ,elf is formed of ""-^^^ piated through hol.s^ 
conventional technics for fabr ^ covered wlth 

In this example, the "base- ^ <blMj-t . layer 586 

a „ extremely thin (e.g.. "0 ^ t . applied to both 
s layer of copper . A layer of ph<* gB permttl ng 

surfaces of the board, and patterned ^ 582 

th e plating up of the trough holes 5 ^ ^ o£ 

- piacea -^r is pp ::;x^ iv* ...... - — 100 

^nchT^ier lay« ---^ so microinch, 
over which is deposed a thin g e9isC 56 8 is then 

la yer 594 of soft (pure) ^ cnin la yer 586 

removed, and vestiges of the 
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WO 96/15458 ot the plated through 

cf copper are removed ^ ^ ^ the pla n view of each 

hol e 582. As "^""'Vi " t hrough hole 582 is that o£ a 
contact area formed by * ^ C J re£rom . Th e tab defines 
circular ring, with > ^ (pad) o£ the through hole 

th e orientation of the JUnts, on the surface 

exposed .for mounting >*««^ arranged at . „. mil pitch. 
o£ ch e substrate 580. The pad ~ ^ ,„ determi ned by 

in staggered rows »th th q£ tne 9ubstra te surface, 

their tabs) reversing at a cen 

™ n larv probe card assembly 500 
Kith regard to ^ ^wllg dimensions and materials 
•bed hereinabove, the following 

^"exemplary, for a given „ as a lengt „ of 

.. t ne °P~-™" 1 r s and a thinness ,« of 
2 . 5 inches, a width , < «) o f 2-5 altetnati ng layers of 

0.25 inches, and has at least 

ceramic and patterned -^"^ 524 pending from the 

b . The interconnects ° lem * ^ tne composite 

space transformer substrate ^ ^ . 
interconnection elements of the P ov . rcoated by a . s mr s 

wire core with a diameter of 1 ^ The overall 

of nickel, for an overall d ^" r 52< u 40 „ Us . 
height of the "strate Ti" is formed of conventional 

c . The ™ dimensions of L850 inches and 
circuit board materials, n 

a thickness of 16 «>i ls - 1oMpnt8 5 14 and 516 extending from 

d . The interconnection ^elements ^ interconnection 
the interposer substrate 512 are ^ ^ with 
elements of the present ^^'J^Zs mils of nickel, for 
a — of l.o ; U S; ov -ated ^ ^ rf ^ 

0 an overall diameter of 4 

interconnection elements 524 

o of the invention, and is generally 
It is within the ^fj^^e.ion elements 514 and 
preferred, that although the inter 
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W096/15458 . Fiflure s a8 single interconnection 

516 are illustrated in is read ily implemented as an 

elements, each illustrated elem ^ ^ inte rconnectxon 

interconnection he reinabove with respect to 

elements in the manner ure cont acts are made 

Fi9 ure 3*. to ensure that of the prob e card SO, 

to the respective <=° ntaCt tra „ s former 506. 

and contact pads 520 of the spac 

a Hhai- the space transformer 
Xt should dearly be understood tha ^ P ^ ^ 

(506, 518. 574) and interposer (50 . ^ tM end 

en d user as a ^ <« ";-"t7 i; d a9 sociated mounting 
user would supply * 536 _ „ 8 , 540 . 644) . 
hardware (e.g.. 530, 53^. 

. has b een illustrated and described 
^though the invention ha B d escription. the same 

i„ detail in the *"«"."*^ tl '„ and not restrictive x» 
i. to be considered as lllUS " preferred embodiments 

character - it being understood ^that o » ^ a „ a 
have been shown and descr bed ^ ^ are 

^ifications that come many othe r "variations- 

desired to be protected^ -« » - ^ 

on the -themes" set forth herein . ^ . ^ 

ordinary s.ill in the art to which ^ ^ 

nearly pertains, and such Med herein. Several of 

invention, « ^ 
the scope of the xn ^ ^ parent case . 

these variations are set 
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MilSSISaJ2i& ^ E " . 7no of aligning a probe 

FigM . 7 grates a — ^ 50(> o£ 

^ Cts'Jt^t with one another. 

A problem addressed head - o£ . probe card <or 

i3 often diffi-lt to aUgn ^ ^^nductor wafer be rng 
^ole card insert, """^oXerances on the coplanarrty of 
Tt is essential that t« £er be he id to 

t6St of the probes and the surface of the ^ ^ 

the tips of the p re iiable contact pr 

a minimum, to ensure uniform ^ ^ probe ( e the 

the tip 524a (top ends, as vx discusse d hereinabove 

the tip structures 524) . provided 

resilient contact st scre ws 536 and 538) i P 

a mechanism (e.g., d1 "* adjusting the planarity 

in the probe card assembly f-J ^ space trans former 

tips \L of the P^ 8 ^ transformer substrate 506 is 
506 m this figure, the space t ^ top als 

Tuustrated with the manner illustrated in 

a nd the bottom terminals tn 
Figure 4, described hereinabove. 

^ card assembly to perform 
Prior to employing the probe of ^ prob 

a semiconductor wafer, tn ^ the 

5 testing on a semi necessar y, adjusted to en 

t-ios is measured and, semiconductor ware! 

tr^tssr- ,~ - — 

urged against the probe tips) . 

u i in which the probe 
aUy a wafer tester (not shown) inwh ^ 
Generally , a a me chanism iw 

" ca rd assemWV 1- d J " the region of the probe card 

conveying semiconductor wafers 
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W096/l5458 , „ aaainst the probe 

tips 524a. ' *° this '"An) For purposes of this discussion 
ehucK mechanism <"°YTster and =huc* mechanism are capable 
it is assumed that the tester an repeatab le location 

o£ moving " : Jion of the wafer .unctions 

and orientation - the pr 



as a "reference plane 



as a f"-'* — 

• m order to align the tips 524a 
According to the ^^' ^ q£ a semic onductor wafer, in 
vis -a-vis the expected P^ne, a flat electrically- 

other words vis-a-vi S the ^eferenc ^ ^ ^ ^ ^ ^ 

conductive metal plate 702 is ^ ^ function. - 

a semiconductor wafer. The fl Qf aUgning the 

an -ersatz" or "virtual" wafer, 



All w* 

tips 524a of the probes 



tips — - i"ty of 

Bach probe 524 is "^^^Jm. seductive path 
terminals .not shown, '^J^^cted one o t the probes- 
therebetween being constitute 4 by ^.m-nt contact 

52 4. an associated -^J^tea one ot the resilient 
3 tructures 516 and an / (not shown, within the 

contact structures 514. j"*^ J^s may be in the 
prob e card 502. *« soctet . or the like. A cable 

surface terminals, terminals of ^ ^ (t .. ter , 

704 connects between the probe J* ^ is 

,„ 6 which has a display monitor : 70. ^ ^ . display 

not limited to using a compute 
monitor . 

, t-hat one hundred pressure 
In this example, it 1. * ^ hundred pro be 

contacts are sought to ^ array and one hundred 

tips 524a arranged in a 10x1 >Miconductor wafer The 

terminals (e.g.. bond ^ limi t e a to any particular 

number of probe tip* 
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■ carried by the chuck (not 
The f lat -tal plate 702 is ^ ^ ^ labell a 

shown) and urged (advanced, - x ^ .„ . rela tively 

! A ., against the probe ^ agcertained whet her the pro* 
grad ual manner, so that it in unlS on (not 

Tips 524a all contact the flat ^ 524a are 

likely) . « whether certain ones ^ remaining ones 

likely), mefcal plate 702 p S eventy-one 

contacted by the i illustration, the s 

of the probe tips 524a. » the ^ ^ monitor 708 

fi lled circles (dots) tip. B24a have been 

indicate that seventy-one of th. P ^ ^ re g 

contacted by the flat metal plat ^ a8 empty 

twenty-nine of the the f lat metal 

circles) having been ^^J^, it is evident that the 
\ this visual representation, 7Q2) lB 

Based on thxs vxs possibly, the metal pi* 

space transformer 506 lor po (out of the 

t Ilted (canted) to ^ ^JZ^ of the space transformer 
page , as viewed) . - fey guitable adju stments of the 

506 can readily be J 

. -i 0 ,™«s 536 and 538. 
differential screws 

^ achieve the desired goal of 
The adjustments pessary to ach ^ ^ ^ 

' planar, simultaneous tn e orientation of the 

flat metal plate 702, wxthout .1 tips 524a make 

probe card 502. so that all of ^ ^ ^ plate 

Substantially ^"-^^ on-line or off-line- By 
* 702 are readily calculated, eith ^ q£ ^ probes 

5 lading the calculated ^T^^ly contact 

^tL^^ — being tested ' 

+*nt\ type of testing 
The .. g o/no- g C '-"^yr utt-ive of . fl»t 

30 i" tb. P""T ^ facilitate* .V th. 

. ord er- of aUgn^ent that ^ ^ ^ „ order . of 

assembly of the present 
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W096 ' 15458 , bv recording (e.g., in the 

r-eadily performed by b element 

ali3 nment » r-* y P ^ ^ ^4 * Pr ^ 

computer memory) tne * {irBt tip to 

space transformer that . al scre ws) . Likewxs , 

? „ by adjusting the dlffer ^\ u gene rally represent a 
Ist'^P - intact the metal pl£ ■ and nee ds to 

last txp transformer that w _ reMS) . it 

corner of the space ^ the 
be heightened (e.g.. ^y inV ention that any 

is within the scope of the adju stments requxred 

alaorithm can be employed to determx contacting the metal 

r Lde based on the sequence of txp ion that a 

Tlate Xt is also within ^ probe tip 52*a and 

^stance (e.g., to and 
th e flat metal plate 702 can ^ indicatlV e of the 

or dot color, or u filled circle 

nUm " a1 ' ° r Istate. rather than merely as a ml 
measured »»*r*' lrel . on the display monitor, 
versus an unfilled circ 
ls 9 enerally not preferred. 
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is5 enerauy»- 

« is within the scope of %J£ZT£LJ- - * 
^chanism can be ^ ° * pl anari 2 in 9 the tips 
space transformer 506 - "> ° the uslng th . differential 

52 ,a of Pr=^s S24. -""•"'"J* hereinabove would be to 
" rews (»«. »•> arrangement d scusse ^ actuators . 

use servo mechanisms, P 1 ^ 1 *"", thereof (.- 9- . «« *™ s!! 
use servo . combinatxons tne h suc h 

mag neto S trictxve devxces. ^ ^ acComp l 1S h 

and fine adjustments), 

PlSnariZin9 ' to mated technique 750 for 

Figure 7* ^—riatTon" the space transformer (not 
adjusting the spatial ° rientatl ° n , e an aC tuator mechanxsm 552 

: d ho rin 9 this view) . - b ^j:r :; the 

(labelled "ACT*) ^ to .ign.1. tb. c«*ut« 

(5 36, 538) and operates xn re p 
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. . 552 can be substituted for the three 
,.«. Three such mechanises ^ ^ sCraigbt£or „ ar d 

pairs „£ differential screw e ^ ^ 

manner. M-lUr 1— « » ^ ? _ ^ severa l elements 

identicai numbers as ^ £ot che view o£ Fig »r. 7*. 

appearing in Figure 

for illustrative clarity. 

~f t-his invention that the 

- is ais ° r ^2 — m - iiius r ed 

raec hanism (particularly an a transforme r (506) can 

in Figure 7A> for P^»^ in the exemplary events 
be disposed other than as shown mechanism could be 

described herein *~ surface of the probe card 

located between the top (a ^ incorporate d into 

(5 02) and the front mounting , pla ^ ^ ^ ^ any 

the front mounting plate • ^ fche angle 

of these mechanisms is er (e .g., 506) without 

(orientation) of the ™ ard (502) to be altered, 

requiring the orientation of the pro 

for fabricating tip £ int erconnection elements 264 

on the tip structures (258) fo ^ technique can certainly be 
, of an electronic component. cotnp osite interconnection 

employed with respect to Qn ^ top surf ace of 

elements having fabricated tip 
the space transformer (518) . 

a n alternate technique 800 for 

Figure 8A illustrates « . ^.^ f abricated 

.0 f-bricatingcoa^sitei^erc* ^ ^ cQntact 

tip structures, particularly 
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, ranS former is now discussed. 
„ residing atop the space ««" QQ2 having a top 

structures resxd * subs trate < waf ^' subst rate. A 

In this — P le ' a ce S . s uBed as sacrxfi-al ^ 

{as viewed) *» rfaCe J; dep osited (e.g. - * s * Ut haS a 

la yer 804 of titanxum x* P subgtrate 802. » r 

surface of the » , x nm = 10 

thS P of approximately 250 A <1* gputter ing) atop 

thickness of app de posited (e.g.. D * * proximately 

la yer BOS of J W a thickness , ^ ^ 

the titaniu^ay^ ^ ^ , a l and . ^ ^ 

10.000 A. The " a i u minum layer 806. alu » im . 

adh esion Wer for th ^.nn, atop » ^ 

_ is deposxted le.g-. approximately 5,uuu 

806 and has a thicks of »W iBt) i5 deposxted 

TTr 'of masking -«" al „ of approximately 

layer 8iu <jj- d haS a t» A suitable 

a /op the «PP« ^ 8 ; er el 0 is Pleased in 

The maskxng laY eir v shown) of noxe 

2 "r'totve a Plurality (three o f many ^ ^ ^^ng 
" I through the photoresist layer ^ 6 ^ in 

eXten !Tayer 608. *or example. ^'J at . pitch <ce»ter- 

C ° PPe teI "d the holea 8!2 may be ar rang ^ 802 ha3 , » 

diameter, ana sacrifice = .n t-v of multi- 

to-center) of 10 J {abri cating a plurality 

. .„-«r been prepared for i aB follows: 

this manner, b ^ holes 8!2, 

lay er contact tips ^ M W pUti* 

R la yer 01, of nicKel is of approximately 

- ~ ir - -id To r^: - 

Prior » ^°"^ y plating, onto t- ^^*- optionally . 
deposited, auch as by P ^ llumIMB (and, P 

lay er structure of . oaCed ti p structure <6 2 0. 

rhodium) wiU «rve as a 
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?i9 ° r * ' B> ' BB the photoresist 810 is 

as U-^-^,. leaving a Polity 
.tripped away (using any su 
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process, tnereoy r subsequent step* 

'evident, aluminum * respect to solder and braze 

substantially non-wettable w 

materials- 

„ r it is preferred to pattern the 
It bears mention that it ^ „ ersat2 . trp 

ph otoresist with £ in the same process step, 

structures 822 may structures 820 . These ersatz t iP 

employed to fabricate ^^ taal „ the aforementioned 
structures 822 will " ^ to own and understood by 

p latin 9 steps in a ^"/^J^ities, from manifest^, 
reducins abrupt orad-ts <non « such BCructures 

themselves across *e ^ „ 

are Known in _ 

■ „ nas te ("joining material ) 
„ext. solder or *««P-^J 9urfacea o£ the tip 
deposited onto the top (M deposi t the paste onto the 

structures B20. £, ' This i. W*-^ » 

to ps of the ersatz ty> st "«^ it;h , etain less steel screen or 
an*, suitable manner, such ^ would contarn 

stencil- 

gold-tin alloy (xn a tiu 
spheres (balls). 

„ M re adv to be mounted (e.g., 
Th e tiP structures 820 are «. ready ^ 
5 brazed, to ends (tips) ° £ elOTen ts of the present 

preferably the composite rnter ^ ^ oomposl te 

Invention. However it » P ly . prepared . to recede 

interconnect elements first 
the tip structures 820 . 

. technique 850 for preparing a space 

transformer substrate 
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WO 96/15458 connection elements 832 

(C r"/ t o J- — ° £ ^s el-«» <P^ elects, 

i„ the composite intej. (w ire) core 

I„ this exa-nple. the P ^ have , goia (« 

are '^J'Tno, shown, - -r' ( ^ ly a 

— ate : : : <~ — » : ; - 

overcoated witn a proportions 90. J. will 

£ " the :r, - "b P« £ ««ea that * ^ desired final 

be evident, ^ t ion (e.g.. «%) the niokel 

to only a substanti po«ion (e.g. . ' ibed 

thicKness, the «»^„ d in a au.seo.ent step. 

thickness being aep 

hereinbelow. suba tr.te 830 is 

„ this example, the space trans ^ piUK . lik e 

., M, a plurality (t«° of , eued) surface which, 

provided with a P cop , s viewe .> ^ ^ 

5tM Tl b e eviLt. will ff these polishing stops, 

" .ssary to have a large nu*er of t as che 

not necessary t ^ and o£ th e 

»d they are readily 

The space transformer suhstra .^ ^ ther^y-*^ • 
citable casting material to supp ort the composite 

- th:^ - r h rsS * 
30 - - -pouS: stt ^ - «~ 

aforementioned polisn 
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a ii ne labelled 

W ^ 1 as W ^ viewed, or the 

inshing wheel, as en ds, a 9 v be 

of thepolx^ thetl ps jtP ^ polishe d 

• " Interconnexion element 
composite ^te cop ianar 

substantially perfectly diffe rentxal 

• v,ove a mechanism <e.9 . raU 

- ' --;r h In-> - ^ 'tracer- to 

probe card o£ resU^t and that the 

ensure that the OI „afer *** ™ e contact 

coP lanar ■ Mke substantial* » ^ have ^.n 

-« ib »" t0 thl 'he t^ <* the ^ o 

w ensuring that relaltes (rea on »odate (W 

S /opianar ^terpoeer -*^ t ^ the P«be events 

non-pla- - iCieS t" s^r cogent, 
compliance) spaC e tr 

(832) extendxng from eiements > y 

casting aerials «• . nventl on that ^ ^ „ 

U tM "Tcan S»1V be M " ruling. "» *~ 

- - r r - - recelve the 

af orement.oned txp operation xs that 

leaV1 X structures «.»> « 
to braze tip 
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• l to braze 

* 0 ' ^n54!, „ having ^ ^ 

^connection elects. 

to i. desireable. ^ Iurt lier -prepare 

tne space plating ^„ ^"C- * 

^forming '^connection elects the aforementioned 

* ^---.n elects rtbeir aes ired. 

nick .l thicks . m u now br ought 

h.trate show m *«" sh<>vm in «9«" 

Tn e prepared "^^^^otures are show 

on the tip structu illu strati ele tnents 832, 

joining structures 
prefabricated tip 

9t ructures 832. inve ntion that this 

20 — ca, . use* - -JresiU^ 
structures to structure 8 ' 
resilient contact 

• tb e e^sea a lut:r ^ 

-i» 3 »> - t ^r^« -^^-^"s solder 

* (8 0S, . stores «• . - ■ -J^s . Xn 
£1 owing V,et«een the adJac ent f ^ la yer. 
bridges fro. **"*^ tl « function oft „ sing a 
addi tion to t^ »» sq se rves as a re-s aiiy ^ ^ ^ 

suitable etchant, 
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wo "' ,S45, 

„ a terials <* th = aSS "t 1. =f£. resulting in a space 
substrate .02 singly P°P° nneccion elements (probe 

transformer having composit ' Seated tip structure, as 
elements) each having PJ ^ ^ .^.^ Mterial 82 , 
illustrated in ?ig»r. «■ 1 Dorcio ns o£ the probe elements 
has reflo»ed as -fillets- ^J? ite residual copper (...) 
.32.) in a final step of the F^ ^^ „ ith nlclce l (or 
i. etched away. ^f^J^) exposed for making contact 
rho dium as ---^ o h ;;; nic compo „e« being probed, 
to terminals ot an 

* of this invention, but it is 
It iB within the - O f iteinter connection elects 

generally not preferred, that c ° P.^^ Qn the tip structures 
(such as 832) can first *e ^ technique described with 

themselves, in ^'^^^ t he tip structure metallurgy 
respect to Figures 2D "f ^ 8A , and subsequently mounted 

described with respect to Ficon: 
to the space transformer substrate. 



to 



o£ the invention that the brazing 
It is within the scope of the ^ ^ ^ iayer Qf 

(soldering) paste 824 is omitted ^ ^ 

eutectic material the contact tips (820) 

contact structures prior t 

thereto . 

• v, as been illustrated and described 
Although the inVentl0n an h d a9 foregoing description, the same 
in detail in the drawings and^foreg^ ^ ^ restrictive in 

is to be considered as i x pre f erred embodiments 

char acter - it being \L all changes and 

have been shown and descr ^ ^ invention are 

Edifications that come ^^eJy. many other .-variations- 
desired to be P^tec^ ^reinabove will occur to one having 
on the "themes- set f orth herei fc mQSt 

ordinary skill in the art to w 
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WC96/15458 intended to be within 

aTM , gUC h variations are qeV eral of 

nearly pertains, and such disclosed he rexn. Sever 

the scope of the -vent^n case . 
these variations are set forth 

o£ the embodiments described or 
Fo r example, in any of t photoresist) 

- sugg ested herein where a such as by exposure to 
' Is applied to a substrate and ^ lly rem0 ving portions 

Ut P— --^^^^Jventional P^toUtho^c 

of the — I* ^^ti^es can 
techniques* , aitei:i , . liqht beam *e.g- » 

0 directing a suitable ^^ing serial (..,-. 

laser) at portions o£ the rerooved . thereby 

= -dened ^rrne^ ^a, or direct* 
mating these portions of the ^ ^ o£ k „ 

wi thout the use ° £ * ^^ted light bea„ then che.rcaUv 

- -" riai ; f r h th: — - 

washing off tne n 

• -wove that the composite 
lt has been suggest- here i^e ^ ^ 

interconnection = le "» n ". "'f co «act structures that can be 
example of suitable reagent con trans£ormer component 

20 Lnted directly to ^ f or JJ^ « " ^ 

of a probe card assembly. P°r innereIl tly resU.ent 

of this invention that needles ^ of ^ tungBten , c3 » 

elttivexy high yield strength- eatery. ^ ^ ^ ^ 
^ coated With ^""^^ in a desired pattern, and 
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CLAIMS 

What is claimed is: 

for a probe card assembly, 
, space transformer for 

— 1 space transformer 1^*^ 

* ~- r:;^^- - — ais dispo8ed on the 

top surface, ana a » 

b ottc» surface; and contac t structure, 

a first plurality £ termiM ls. 

moU nted directly to the first P-al^y 

r according to claim 1. further 
2 space transformer, accor 

—"^^p structures mounted to ends of the first plurality 
rf resilient contact structures. 

3 . Space transformer ^ /^^^J^^^^ 
the first plurality of re 
\* interconnection elements, 
are composite interc 

laitu 1 wherein: 

first plurality o 
first plurality of terminals. 

fo „ et according to clai* 1. ^rther 
6 space transformer, 

comprising: re silient contact structures 
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interconnection elements, 
are composite interc 

wording to claim 1, wherein: 
7 . space transformer acco * confcact 8trU ctures 

the second P 1 ^ a y i ° s f ubgtrate prior to mounting the 

z£££* s " 8 directly to 

second plurality of terminals. 

8 . Prob e Card Assembly, a bottom surface 

a probe card having a top ^ chereo£ . 

and . pl urality of contact £-^£c..'. bottom surface, 
a „ interposer havmg P rM eJttend i„g from 

. first Plurality of ^^XcZ plurality of contact 
th e bottom surface thereof _and and 
structures extending fs* 'the ^ sur£ace . a bottom 

a space transformer hav g ^ ^ 

surface, a plurality of -^uty of resilient contact 

wherein: resi lient contact structures 

the first plurality of I reel ^ Qf ^ 

effect a pressure connection with the 

probe card; and res ilient contact structures 

^ - contact pads of the space 

effect a pressure connectio 
transformer. 

.. Probe card assembly s^res 
the third plurality M "\ sur£ace of the 

are mounted directly to terminals on 
space transformer. 

10 . Prob e card ^y — to ^ s^ures 
the first plurality or r 
'° ™ s ite interconnection elements. 

are composite 



11 



\ 



perms'" 1 " 44 

a MS e*W. contact 
u . «o b e Card ^ o£ ^Uent 

che second el e»««- 

Wterconnec „ clal . 8. 

" e v>lv according to <=» Btr »ctures 

structure, are at ^ » 

, ,- P made of a _ A wit h its 

« , top surface and a * of the P ^ top 

haVin9 eurTace against tb. mD untxng 
bottom surra af fixing tn 



means 10 
16 ' ch e tront «unt in9 P 

» — - t:- ~ wrisesi 

. piuralitv « ^ ^ ^ t ra 
£lo „t — Pl " 

1R 
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therebetween. ^ whe rein: 

18 . Pr ohe Card Assembly J^T. ^ ferial- 
the mounting ring x 

embly accords t. el— »■ £Urth « 
l9 Probe card Assembly, a 

a spacer a tran sformer. 
m , rface of the space 
the top surface wh erein 

dinq to claim 15 > 
, 0 Probe card Assembly. . late comprises: 

L lor affixing the front mount.ng I P ■ _ 
the means for^ ^ , of^a ^ ^ ^ 

* ~ ^rt: = - * rretr^front 

mounting plate ana 

Card ' to claim 20, wherein: 

21 . Pr obe Card ^^Z J* of stainless steel, 
the rear mounting plate 

„_ o further 
„ probe card Asse^ly. — " 6 - 

-of the space 
o ^"'leans - * the pr obe card. 

the means for aaj ^ out er 

C ° mPri a 3 ;iuralitv of ait « -ntiai scr- , I le „ent, 

acting upon tne u 
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be card Assembly, according 

comprising, of pivoC sp heres 

\ial screw elements, 
inner differential ^ 

^ card Asae^lY, according to 
25. P robe Ca „ H the probe 

card; . the actuator 

wh erein: are dreaded into 

th e differential screw 

mounting P^te. M| wh erein 

26 probe card --m.lv, --di^ ^ ^ ^ ^ 
diusting the planarity 
the means for a computer, 
. „„ . „ -responsive to 

nn the bottom surface o 
acting upon the ^ 

— "^"Tuent contac, structures 
^ third ^» liW h t r t r\:; 3 ur £ ace o £ «- SP- 
$0 a second pitch on 

are disposed at 

8 wherein: 

- rrs^. """" 

„. disposed . sCru «ure S 

— « se «.ap^:r- — e - *• 

. at a second pitch 
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A- na to claim 8, wherein: 
29 . ,ro b e care t a £irst pit =h on the 

the contact pads are a* f 
botton. surface o £ the space °™£ ent contac t structures 

th e third pxura^y - - eur£ace o4 t he space 
M s aisposea at a secona P-ch 

transformer; lurali ty of resilient contact 

taftheCst Pitch on the .otto, surface 
a -r* disposed at tne 

are ais»F structures 
interposer; of reS ilient contact stru 

the second plurality o ^ ^ surface of the 

at the first pitcn 
are disposed at tne 

interposer; and r than the second pxtc . 

the first pitch is g 

30. probe Card Kit, comprising: & 

a space transformer having ^ ^ bottom 

surface, a plurality - ^^ lit y of resilient contact 
surface thereof, and a first P sald spa ce 

structures extending from the -p ^ ^ pl f 

transformer adapted * ^"J^, P-sure contacts with a 
resilient contact structures™ tor wafe r; and 

Tlurality of contact areas on a se ^ surface , 

PlUrSl an interposer having , a . > 

a second plurality of res^ent ^ f r 

from the top surface thereo sa ^ 

tips of the second plurality o ± of contact pads 

SL. P-sure -^^C^^' «- 
on the bottom surface of the P struct ures extending from 

having a third plurality of cent adapted in use for 

"the bottom surface thereof sa,d ^ ^ ^ctures 
of the third plurality of r terminals on a 

° Xfpressure connections »ith a piurairty 
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,__ Kit, 

according w> pitch on the 

31 • Pr ° be ^Ict padB are disposed at 

the contact v transformer; structures 

of the space trans contact structu 

-r^ * « — ° £ che space 

«i at a second pitch on 
are disposed at pit . ch . 

transformer; -I ^ is gre ater than 

m 10 wherein: 

* at a fi rst pX 
are disposed ct gtructu res 

***** "Lhe second pl«*i£ * ^ surfa ce of the 

a at a second pitcn 
are disposed at ^ 
in terposer; and ^ ^ saro e as 

„• fl to claim 30, wherein: 
be card Assembly, according ^o pifcch on the 

33. ^ obe ^ r ads are disposed at a 

th e contact p £or mer; str uctures 

* «t a second pitch on 
0 are disposed ^ struCtu res 

— third Plural^- ~£ ^ s .rface of the 

, the fi rst P 
a« aisposea conta ct structures 

in "^ Se % M second Pl uraXitV e sul£a ce o< the 

» „d at the first pitch 

are disposed at 

interposed a„a ^ greater than the 

34 . Msthoao^ar^P ce , 
30 — a support --U: events — « 
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■ „ a tip at an 
WC96/15458 t ha vxng P 

faC e each probe ex rt substrate; 

fro m the top surface ^ ^ support * ^ haVing 

/ -al from the top surra subst rate on a pr substr ate 

dlStal counting the s^J ^ rf ^ s pp o t s 
a top surface, the bottom * ^ probe ~f J^^ng an 
a P , hP top surface o obe cara 

opposing the top tatio n. sax 

\. .«te having an substrate 
substrate support sub 

.ithout '""^f the pr°« * le " en " ■ 
planarise the prising- 

ilient S "•„„ element having *" 

„site interconn.ct.on 
. co^-te ^ ^ cm Md o£ 

. pre-fabricated »P^™ nt 
th e oolite interconnec ^ ^ ^ 

r-r structure, act- 
36 . KesiUent contac 

herein: regilie nt contact struc 

transformer. 

. structures for ends o£ 

„ „ o£ fabricating tip 

comprising- 
contact structures, at least one laye 

depositing o£ a simoon ^ , t 

active — ^g , -«r = £ — « 

depositing <* 

t one conductive layer; materxal, 
le3St ° patterning <*"^ one layer of at leas 
deP ° Sit T into the openings; and 

conductive maslc ing material- 

re-vxng uprising- 
* d according to claxm 37 ^ least one 

38. Method acc material on 

0 depositxng a 3 
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* one conductive materxal P 
la yer of at least one 

in the openings- uprising: 

v, d according to claxtn 38, q£ contact 

39 . Method, acc struC tures to 

joining the tip 

structure wherein: 

Mt hod according to claxm 39, conta ct 
40 . Method, a uctur es are 

the contact 

structures. 

* according to claxm 39, c0 nnectxon 
4 " ^conta- structures are composxte 

L0 

elements. 

. iQ wherein: 
„ et hoa. according » 3 ^ 1!>uie nt contact 

" ' Contact a-ctu r „ £ , prob e car. 

s «uct»~a aiapoa.* «op a apa 
l5 assembly • 
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Figure 8A 
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